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PREFACE 

Effluent monitoring and environmental surveillance of radioactive mate- 
rials are a continuing major part of the radiological protection programs at 
U.S. Department of Energy (DOE) sites. The purpose of this regulatory guide 
is to establish elements of a radiological effluent monitoring and environ- 
mental surveillance program considered acceptable to DOE, in support of DOE 
5400.5 (Radiation Protection of the Public and the Environment) and DOE 5400.1 
(General Environmental Protection Program). 

The regulatory guide identifies those monitoring and surveillance 
elements that are considered high priorities for a radiological effluent 
monitoring and environmental surveillance program. In the regulatory guide, 
these high-priority elements are written as procedures and activities that 
“shou 7d *' be performe d, and what is intended as guidance is written as 
procedures and activities that “shou7d” be performed. The regulatory guide 
both incorporates and expands on requirements embodied in DOE 5400.5 and DOE 
5400.:. 
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SUMMARY OF EFFLUENT MONITORING AND ENVIRONMENTAL 
SURVEILLANCE PROGRAM ELEMENTS 

1. General Elements 

a. 

b. 

C. 

d. 

Operators of DOE-controlled facilities shou7d* provide the capabili- 
ties to detect and quantify planned and unplanned releases of radio- 
nuclides, consistent with the potential for offsite impact, and to 
support consequence assessments as necessary. 

The recommendations found in this guide shou?d* be incorporated into 
the design and operation of effluent monitoring and environmental 
surveillance systems. 

Documentation of the decisions made concerning incorporation of the 
specific guidance statements, including a description of any a'lter- 
native methods selected. should* be included in the site Environ- 
mental Monitoring Plan. 

The potential for airborne or liquid release of radioactive material 
(including accidental releases) shou7d* be evaluated and documented 
in the Environmental Monitoring Plan. Based on this documentation, 
those effluent streams that do not have the potential for releasing 
radioactive material are not subject to selected provisions of this 
guide. Heads of Operations Offices, in consultation with the appro- 
priate Program Office and EH-1, may approve specific requests for 
exceptions. 

2. Liauid Effluent Monitorinq 

a. All liquid effluent streams should* be eval- 
uated and their potential for release of 
radioactive material assessed. Based on 
this assessment, decisions should* be made 
regarding necessary effluent monitoring sys- 
tems and the rationale shou?d* be documented 
in the Environmental Monitoring Plan. 

b. Liquid effluents from DOE-controlled facili- 
ties that have the potential for radioactive 
contamination should* be monitored in accor- 
dance with the requirements of DOE 5400.1 
and DOE 5400.5. 

C. Facility operators shou?d* provide monitor- 
ing of liquid waste streams adequate to 
1) demonstrate compliance with the require- 
ments of DOE 5400.5, Chapter II, paragraphs 
la, Id, Za, and 3, 2) quantify radio- 
nuclides released from each discharge 

Section 2.0 

Section 2.0 

Section 2.1 
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d. 

e. 

f. 

h. 

i. 

point, and 3) alert affected process 
supervisors of accidents In processes and 
emission controls. 

When continuous monitoring or continuous 
sampling is provided, the overall accuracy 
of the results .shoo?d* be determined (2% 
accuracy and the % confidence level) and 
documented in the Environmental Monitoring 
Plan. 

Section 2.1 

Provisions for monitoring of liquid efflu- 
ents during an emergency shou7d* be con- 
sidered when determining routine liquid 
effluent monitoring program needs. 

Section 2.1 

The selection or modification of a liquid 
effluent monitoring system shauld* be based 
on a careful characterization of the 
source(s), pollutant(s) (characteristics and 
quantities), sample-collection system(s), 
treatment system(s), and final release 
point(s) of the effluents. 

Section 2.2 

For all new facilities or facilities that 
have been modified in a manner that could 
affect effluent release quantity or quality 
or that could affect the sensitivity of the 
monitoring or surveillance systems, a pre- 
operational assessment shou7d* be made and 
documented in the Environmental Monitoring 
Plan to determine the types and quantities 
of liquid effluents to be expected from the 
facility and to establish the associated 
effluent monitoring needs of the facility. 

Section 2.2 

The performance of the effluent monitoring 
systems shou7d* be sufficient for deter- 
mining whether effluent releases of radio- 
active material are within the Derived 
Concentration Guides specified in DOE 5400.5 
and to comply with the reporting require- 
ments of Chapter II, paragraph 7, of that 
Order. 

Section 2.2 

The required detection levels of the analy- 
sis and monitoring systems shou7d* Se suffi- 
clent to demonstrate compliance with all 
regulatory requirements consistent with the 
characteristics of the radionuclides that. 
are present or expected to be present in the 
effluent. 

Section 2.2 
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j. 

k. 

1. 

m. 

n. 

0. 

P* 

r. 

Sampling systems should* be sufficient to 
collect representative samples that provide 
for an adequate record of releases from a 
facility, to predict trends, and to satisfy 
needs to quantify releases. 

Continuous monitoring and sampling systems 
shou7d* be calibrated before use and recali- 
brated any time they are subject to mainte- 
nance, modification, or system changes that 
may affect equipment calibration. 

Sampling and monitoring systems shou7d* be 
recalibrated at least annually and routinely 
checked with known sources to determine that 
they are consistently functioning properly. 

Environmental conditions (e.g., tempera- 
ture, humidity, radiation level, dusts, and 
vapors) should* be considered when locating 
effluent monitoring systems to avoid condi- 
tions that will influence the operation of 
the system. 

Off-line liquid transport lines shou7d* be 
replaced if they become contaminated (to the 
point where the sensitivity of the system is 
affected) with radioactive materials or if 
they become ineffective in meeting the 
design basis within the established 
accuracy/confidence levels. 

If continuous monitoring/sampling and 
recording of the effluent quantity (stream 
flow) is not feasible for a specific efflu- 
ent stream, the extenuating circumstances 
shou7d* be documented in the Environmental 
Monitoring Plan. 

Sampling/monitoring lines and components 
shou7d* be designed to be compatible with 
the chemical and biological nature of the 
liquid effluent. 

The output signal instrumentation, monitor- 
ing system recorders, and alarms should* be 
in a location that is continuously occupied 
by operations or security personnel. 

To signal the need for corrective actions 
that may be necessary to prevent public or 
environmental exposures from exceeding the 

xiii 

Section 2.2.2 

Section 2.2.3 

Section 2.2.3 

Section 2.2.4 

Section 2.2.4 

Section 2.3.2 

Section 2.3.7 

Section 2.4 
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3. 

limits or recommendations given in DOE 
5400.5, when continuous monitoring systems 
are required, they should* have alarms set 
to provide timely warnings. 

S. As they apply to the monitoring/sampling of Section 2.6 
liquid effluents, the general quality assur- 
ance program provisions described in Chap- 
ter 10 of this guide sbou7d* be followed. 

Airborne Effluent Monitoring 

a. All airborne emissions from each facility 
(DOE site) shou?d* be evaluated and their 
potential for release of radionuclides 
assessed. Based on this assessment, deci- 
sions should* be made regarding necessary 
effluent monitoring systems and the ration- 
ale should* be documented in the site Envi- 
ronmental Nonitoring Plan. The potential 
for emissions should* include consideration 
of the loss of emission controls while 
otherwise operating normally* 

Section 3.0 

b. Airborne emissions from DOE-controlled Section 3.0 
facilities that have the potential for caus- 
ing doses exceeding 0.1 mrem (effective dose 
equivalent) to a member of the public under 
realistic exposure conditions from emissions 
in a year should* be monitored in accordance 
with the requirements of DOE 5400.1 and 
DOE 5400.5. 

C. The criteria for monitoring listed in &hap- Section 3.1 
ter 3 of this guide shou?d* be used to 
establish the airborne emission monitoring 
programs for DOE-controlled sites. 

d. For all new facilities or facilities that Section 3.3 
have been modified in a manner that could 
affect effluent release quantity or qua7ity 
or that could affect the sensitivity of 
monitoring or surveillance systems, a pre- 
operational assessment should* be made and 
documented in the site Environmental Moni- 
toring Plan to determine the types and quan- 
tities of airborne emissions to be expected 
from the facility, and to establish the 
associated airborne emission monitoring 
needs of the facility. 
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e. The performance of the airborne emissions 
monitoring systems shou?d* be sufficient for 
determining whether the releases of radio- 
active materials are within the limits or 
requirements specified in OOE 5400.5. 

f. Sampling and monitoring systems should* be 
calibrated before use and recalibrated any 
time they are subject to maintenance or mod- 
ification that may affect equipment 
calibration. 

9. Sampling and monitoring systems should* be 
recalibrated at least annually and routinely 
checked with known sources to determine that 
they are consistently functioning properly. 

h. Provisions for monitoring of airborne emis- 
sions during accident situations should* Se 
considered when determining routine airborne 
emission monitoring program needs. 

i. Diffuse sources (i.e., area sources or mul- 
tiple point sources in a limited area) 
shou?d* be identified and assessed for their 
potential to contribute to public dose and 
should* be considered in designing the site 
emissions monitoring and environmental sur- 
veillance program. Diffuse sources that may 
contribute a significant fraction (e.g., 
10%) of the dose to members of the public 
resulting from site operations shou?d* be 
identified, assessed, documented, and veri- 
fied annually. 

j. Airborne emission sampling and monitoring 
systems shou?d* demonstrate that quantifi- 
cation of airborne emissions is timely, 
representative, and adequately sensitive. 

k. To the extent practicable, samples shotr?d* 
be extracted from the effluents from a 
location and in a manner that provides a 
representative sample, using multiport 
probes if necessary. 

1. Where a significant potential (greater than 
once per year) exists for approaching or 
exceeding a large fraction of the emission 
standard (e.g., 20X), continuous monitoring 
should* be required. 
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Section 3.5.8.3 

Section 3.6 

m I . The design of radioiodine monitors will be 
such that replacement of sorbent and filter 
shouIcf* not disturb the geometry between the 
collector and detectors. 

n. To signal the need for corrective actions 
that may be necessary to prevent public or 
environmental exposures exceeding the limits 
or recommendations given in DDE 5400.5, when 
continuous monitoring systems (as required 
by the criteria in Chapter 3) are required, 
they shooId* have alarms set to provide 
timely warnings. 

0. As they apply to the monitoring of airborne Section 3.7 
emissions, the general quality assurance 
program provisions of Chapter 10 of this 
guide should* be followed. 

4. Meteorolooical Monitorinq 

a. 

b. 

C. 

d. 

e. 

Each DOE site should* establish a meteoro- 
logical monitoring program that is appro- 
priate to the activities at the site, the 
topographical characteristics of the site, 
and the distance to critical receptors. 

Section 4.0 

The scope of the program should* be based on 
an evaluation of the regulatory require- 
ments, the meteorological data needed for 
impact assessments, environmental surveil- 
lance activities, and emergency response, 
considering the mathematical procedures, 
models, and input data requirements 
necessary for computing atmospheric trans- 
port and diffusion computations and perform- 
ing dose assessments. 

Section 4.0 

The program should* be documented in a mete- 
orological monitoring section of the Envi- 
ronmental Monitoring Plan in compliance with 
DOE 5400.1. 

Section 4.0 

For data from an offsite source to be accep- 
table, the data shou7d* be representative of 
conditions at the DOE facility and provide 
statistically valid data consistent with 
onsite monitoring requirements. 

Section 4.0 

Specific meteorological information require- 
ments for each facility should* be based on 
the magnitude of potential source terms, the 

Section 4.0 
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f. 

h. 

i. 

j. 

k. 

1. 

M. 

nature of potential releases from the facil- 
ity, possible pathways to the atmosphere, 
distances from release points to critical 
receptors, and the proximity of the site to 
other DDE facilities. 

Meteorological information requirements for 
facilities shooId* be sufficient to support 
environmental monitoring and surveillance 
programs. 

Section 4.0 

The meteorological monitoring program for 
each DOE site should* provide the data for 
use in atmospheric transport and diffusion 
computations that are appropriate for the 
site and application. 

Section 4.1.2 

Before any model is deemed appropriate for a 
specific application, the assumptions upon 
which the model is based shou7d* be evalu- 
ated and the evaluation results documented. 

Section 4.1.2 

Meteorological programs for sites where 
onsite meteorological measurements are not 
required shou?d* inch ude a description of 
climatology in the vicinity of the site and 
should* provide ready access tci representa- 
tive meteorological data. 

Section 4.1.2 

Potential release modes, distances from 
release points to receptors, and meteoro- 
logical conditions should* be considered in 
assessments for DOE facilities required to 
take onsite measurements. 

Section 4.1.3 

Meteorological measurements shou?d* be made 
in locations that, to the extent practic- 
able, provide data representative of the 
atmospheric conditions into which material 
will be released and transported. 

Section 4.4 

The instruments used in the monitoring pro- Section 4.4 
gram shou?d* be capable of continuous opera- 
tion in the normal range of atmospheric 
conditions at the facility. 

Wind measurements shou7d* be made at a suf- 
ficient number of altitudes to adequately 
characterize the wind at potential release 
heights. 

Section 4.4.1 
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n. 

0. 

P* 

90 

r. 

S. 

t. 

U. 

If instruments are mounted on booms extend- Section 4.4.2 
ing to the side of a tower, the booms 
shou7d* be oriented in directions that 
minimize the potential effects of the tower 
on the measurements. The instruments 
should* be at least two tower diameters from 
the tower, but should be three to four tower 
diameters from the tower. 

The meteorological monitoring program 
shou7d* provide for routine inspection of 
the data and scheduled maintenance and 
calibration of the meteorological instru- 
mentation and data-acquisition system at a 
minimum, based on the calibration frequency 
recommendations of the manufacturers. 

Section 4.6 

Inspections, maintenance, and calibrations Section 4.6 
should* be conducted in accordance with 
written procedures, and logs of the inspec- 
tions, maintenance, and calibrations should* 
be kept and maintained as permanent records. 

The instrument system shou7d* provide data 
recovery of at least 90% on an annual basis 
for wind direction, wind speed, those 
parameters necessary to classify atmospheric 
stability, and other meteorological elements 
required for dose assessment. 

Section 4.6 

The topographic setting of a facility and Section 4.7 
the distances from the facility to points of 
public access shoo?d* be considered when 
evaluating the need for supplementary 
instrumentation. 

If meteorological measurements at a single 
location cannot adequately represent 
atmospheric conditions for transport and 
diffusion computations, supplementary meas- 
urements should* be made. 

Section 4.7 

A site-wide meteorological monitoring pro- 
gram should* be established at each multi- 
facility site to provide a comprehensive 
data base that can be used for all facili- 
ties located within the site. 

Section 4.8 

As they apply to meteorological monitoring, 
the general quality assurance program pro- 
visions of Chapter 10 of this guide should* 
be followed. 

Section 4.11 

. . . 
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5. Environmental Surveillance 

a. An evaluation shou7d* be conducted and used Section 5.0 
as the basis for establishing an environ- 
mental surveillance program for all DOE- 
controlled sites. The purpose of the 
surveillance program is to characterize the 
radiological conditions of the offsite envi- 
rons and, if appropriate, estimate public 
doses related to these conditions, confirm 
predictions of public doses based on 
effluent monitoring data, and, where appro- 
priate, to provide compliance data for all 
applicable regulations. The results of this 
evaluation shou7d* be documented in the site 
Environmental Monitoring Plan. 

b. The environmental surveillance program for Section 5.0 
DOE-controlled sites should* be conducted 
in accordance with the requirements of 
DOE 5400.1 and DOE 5400.5. 

C. The criteria for environmental surveillance Section 5.1 
programs listed in Chapter 5 shouid* be used 
for establishing the environmental surveil- 
lance program for DOE-controlled sites. 
Additional site-specific criteria should* be 
documented in the site Environmental Moni- 
toring Plan. 

d. The need for environmental sampling and 
analysis should* be evaluated, by exposure 
pathway analysis, for each site radionuclide 
effluent or emission (liquid or airborne}. 
This analysis with appropriate data, refer- 
ences, and site-specific assumptions, along 
with site-specific criteria for selection of 
samples, measurements, instrumentation, 
equipment, and sampling or measurement loca- 
tions should* be documented in the site 
Environmental Monitoring Plan. 

Section 5.1.1 

e. A critical pathway analysis (radionuclide/ Section 5.1.1 
media} should* be performed, documented, and 
referenced in the Annual Site Envircnmental 
Report. 
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f. 

g- 

h. 

i. 

j. 

k. 

1. 

m. 

n. 

If the projected dose equivalent from inha- 
lation of particulates exceeds the criteria 
of Chapter 5, particle-size analysis of the 
emission shou7d* be conducted at least 
annually. 

Further provisions shou7d* be made, as 
appropriate, for the detection and quanti- 
fication of unplanned releases to the 
environment of radioactive materials, 
including radionuclides that may be 
transported by stormwater runoff, flooding, 
or resuspension of ground-deposited 
material. 

For all- new or modified facilities coming 
on-line, a preoperational assessment should* 
be made and documented in the site Environ- 
mental Monitoring Plan to determine the 
types and quantities of effluents to be 
expected from the facility and to establish 
the associated environmental surveillance 
program. 

Calibration of dosimeters and exposure-rate 
instruments shouid* be based on traceability 
to NIST standards. 

Gross radioactivity analyses shou7d* be used 
only as trend indicators, unless documented 
supporting analyses provide a reliable rela- 
tionship to specific radionuclide concentra- 
tions or doses. 

The overall accuracy (k% accuracy) shou?d* 
be estimated, and,the approximate- Environ- 
mental Detection Limit at a specified % 
confidence level for environmental measure- 
ments of beta-gammas, alphas, and neutrons, 
as appropriate, should* be determined and 
documented. 

Sample preservation methods shou7d* be con- 
sistent with the analytical procedures used. 

All environmental surveillance techniques 
should* be designed to take a representa- 
tive sample or measurement of the important 
radiation exposure pathway media. 

Samplfng or measurement frequencies for each 
significant radionuclide or environmental 

YY 

Section 5.1.1 

Section 5.1.2 

Section 5.2 

Section 5.2 

Section 5.2 

Section 5.2 

Section 5.2 

Section 5.2 

Section 5.2.1 



medium combination (e.g., those contributing 
10% or more to offsite dose greater than 
0.1 mrem EDE from emissions in a year) 
shou7d* take into account the half-life of 
the radionuclides to be measured and shou7d* 
be documented in the site Environmental 
Monitoring Plan. 

0. "Background" or "control" location measure- 
ments shou7d* be made for every significant 
radionuclide and pathway combination (e.g., 
those contributing 10% or more to offsite 
dose greater than 0.1 mrem EDE from emis- 
sions in a year} for which environmental 
measurements are used in the dose 
calculations. 

P. An annual review of the radionuclide com- 
position of effluents or emissions shou7d* 
be made and compared with those used to 
establish the site Environmental Monitoring 
Plan. Any deviations from routine environ- 
mental surveillance requirements, including 
sampling or measurement station placement, 
shou7d* be documented in an approved revised 
site Environmental Monitoring Plan. 

Section 5.2.1 

Section 5.2.1 

9. The air sampling rate should+ not vary by Section 5.2.2 
more than -c2D%, and total air flow or total 
running time shou7d* be indicated; air 
sampling systems shou7d* be leak-tested, 
flow-calibrated, tested, and inspected on a 
routine basis at a minimum, using the cali- 
bration frequency recommendations of the 
equipment manufacturers- 

r. State and local game officials should* be Section 5.2.3 
consulted when selecting approprfate pro- 
tected species to sample. 

S. DOE Operations Office and contractor staff Section 5.2.4 
shou7d* ensure that ground-water monitoring 
plans are consistent with State and regional 
EPA ground-water monitoring requirements 
under RCRA and CERCLA to avoid unnecessary 
duplication. DOE Operations Offices and 
contractor staff shou7d* consult with State 
ana regional EPA offices, as needed, to 
ensure that the requirements are incorpo- 
rated into the Radiological Monitoring Plan. 
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t. Any changes in the site-specific or generic 
factors should* be noted in the Environ- 
mental Monitoring Plan and the retired or 
replaced values preserved for historical 
purposes. 

u. When neutron monitoring is required, the 
method of measurement should* be based on 
the anticipated flux and energy spectrum. 

V. The sample exchange frequency for non- 
particulate sampling should be determined on 
a site-specific basis and shou7d* be docu- 
mented in the environmental surveillance 
files. 

Section 5.3.2 

Section 5.6.2 

Section 5.7.5 

W. The analytical procedure to be used should* Section 5.8.2.3 
be considered when choosing a method for 
preserving milk samples. 

X. As they apply to environmental surveillance Section 5.13 
activities, the general quality assurance 
program provisions of Chapter 10 of this 
guide should* be followed. 

6. Laboratorv Procedures 

a. Laboratory procedures and practices shou7d* Section 6.0 
be documented in the site Environmental 
Monitoring Plan. 

b. Each monitoring and surveillance organiza- Section 6.1.1 
tion should* have a sample identification 
system that provides positive identificatfon 
of samples and aliquots of samples through- 
out the analytical process. The system 
shou?d* incorporate a method.for tracking 
all pertinent information obtained In the 
sampling process. 

C. Each laboratory shou7d* establish and adhere Section 6.1.2 
to written procedures to minimize the possi- 
bility of cross-contamination between sam- 
ples. High-activity samples shou7d* be kept 
separate from low-activity samples. 

d. The integrity of samples should* be main- Section 6.1.2 
tained (i.e., minimize degradation of 
samples by using proper preservation and 
handling practices that are compatible with 
analytical methods). 
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e. 

f. 

h. 

i. 

j. 

k. 

1. 

Specific analytical methods shoo7d* be iden- 
tified, documented, and used to identify and 
quantify all radionuclides in the facility 
inventory or effluent that contribute 10% or 
more to the public dose or environmental 
contamination associated with the site. 

Section 6.1.3 

Standard analytical methods shou7d* be used 
for radionuclide analyses (when available). 
Any modification of standard methods shou7d* 
be documented. 

Section 6.1.3 

Methods, requirements, and necessary docu- 
mentation shou?d* be specified in analytical 
contracts. 

Section 6.1.3 

All sites that release or could release 
gamma-emitting radionuclides should* have 
the capability (either in-house or outside} 
of having samples (routine, special, or 
emergency) analyzed by gamma-ray spectros- 
copy systems. 

Section 6.1.4 

Counting equipment should* be calibrated 
using, at a minimum, the calibration fre- 
quency recommendations of the manufacturers 
to obtain accurate results. 

Section 6.1.5 

Check sources shou7d* be counted periodi- 
cally on all counters to verify that the 
counters are giving correct results. 

Section 6.1.5 

Samples that are sent offsite for analysis 
or for laboratory intercomparison shou7d* be 
monitored for contamination and radiation 
levels and shou7d* be packaged in a manner 
that meets applicable transportation regu- 
1 at i ons and requirements. 

Section 6.2.2 

As they apply to laboratory procedures, the 
general quality assurance program provisions 
of Chapter 10 of this guide shou7d* be 
followed. 

Section 6.33 

7. Data Analvsis and Statistical Treatment 

a. The statistical techniques used to support 
the concentratian estimates, to deteri;;ine 
their corresponding measures of reliability, 
and to compare radionuclide data between 
sampling and/or measurement points and times 
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shou?d* be designed with consideration of 
the characteristics of effluent and environ- 
mental data. 

b. Documented and approved sampling, sample- 
handling, analysis, and data-management 
techniques shou7P be used to reduce the 
variability of results. 

C. The level of confidence in the data due to 
the radiological analyses shou?d* be esti- 
mated by analyzing blanks and spiked pseudo- 
samples and by comparing the resulting 
concentration estimates to the known concen- 
trations in those samples. 

d. The precision of radionuclide analytical 
results shou7d* be reported as a range, a 
variance, a standard deviation, a standard 
error, and/or a confidence interval. 

e. Data shouTd* be examined and entered into 
the data base promptly after analysis. 

f. Dutliers shou7d* be excluded from the data 
only after investigation confirms that an 
error has been made in the sample collec- 
tion, preparation, measurement, or data 
analysis process. As each data point is 
collected, it shou7d* be compared to previ- 
ous data, because such comparison can help 
identify unusual measurements that require 
investigation or further statistical 
evaluation. 

Section 7.0 

Section 7.1 

Section 7.1 

Section 7.1 

Section 7.1 

0 4’ As they apply to data analysis and statis- Section 7.7 
tical treatment activities, the general 
quality assurance program provisions of 
Chapter 10 of this guide shou7P be 
followed. 

8. Dose Calculations 

a. Except where mandated otherwise (e.g., com- Section 8.1.1 
pliance with 40 CFR Part 61), the assessment 
models selected for all environmental dose 
assessments shouW appropriately character- 
ize the physical and environmental situation 
encountered. The information used in dose 
assessments should* be as accurate and 
realistic as possible. 
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b. 

C. 

d. 

e. 

f. 

Complete documentation of models, input 
data, and computer programs shou7d* be pro- 
vided in a manner that supports the annual 
site environmental report or other 
application. 

Default values used in model applications 
shou7d* be documented and evaluated to 
determine appropriateness to the specific 
modeling situation. 

When performing human foodchain assess- 
ments, a complete set of human exposure 
pathways shouid* be considered, consistent 
with current methods, and shou7d* be docu- 
mented supporting the site Environmental 
Monitoring Plan. 

Surface- and ground-water modeling shou7d* 
be conducted as necessary to conform with 
the applicable requirements of the State 
government and the regional office of the 
EPA. 

The general quality assurance program pro- 
visions of Chapter 10 of this guide should* 
be followed as they apply to performing 
calculations that assess dose impacts. 

9. Records and Reoorts 

a. 

b. 

C. 

d. 

DOE officials and DOE Management and Operat- 
ing Contractors shouid* identify and comply 
with the relevant reporting requirements. 

Timely notification of occurrences and 
information involving DOE and its contrac- 
tors shou7d* be made to the appropriate DOE 
officials and to other responsible 
authorities. 

Auditable records relating to environmental 
surveillance and effluent monitoring shou7d* 
be maintained. Calcutatfons, computer pro- 
grams, or other data handling shou7d* be 
recorded or referenced. 

As they apply to records and reporting 
activities, the general quality assurance 
program provisions of Chapter 10 of this 
guide shou7d* be followed. 

Section 8.1.1 

Section 8.1.2 

Section 8.1.2 

Section 8.1.2 

Section 8.7 

Section 9.0 

Section 9.0 

Section 9.0 

Sxtion 9.3 
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IO. Oualitv Assurance 

a. A QA Plan shou7d* be prepared and included Section 10.0 
as a section of the Environmental Monitoring 
Plan and shou7d* cover the monitoring activ- 
ities at each site, consistent with appfi- 
cable elements of the l&element format in 
ANSI/ASME NQA-1. 

b. Periodic audits shou7d* be performed to ver- Section 10.1.2 
ify compliance with operational procedures, 
QC procedures, and all aspects of the QA 
program. 

C. Audits shouid* be performed independently 
in accordance with written procedures or 
checklists by personnel who do not have 
direct responsibility for performing the 
activities being audited (i.e., supervisors 
cannot audit their own facilities). 

d. Audit results should* be documented and 
reported to and reviewed by responsible 
management. Follow-up action shou7d* be 
taken where indicated. 

e. The elements of a QA program shou?d* be 
derived from the 18 criteria in ANSI/ASME 
NQA-1 and those stipulated in 
10 CFR Part 50. 

f. Radiation measuring equipment, including 
portable instruments, environmental dosim- 
eters, in situ monitoring equipment, and 
laboratory instruments, shouid* be cali- 
brated with standards traceable to NIST 
calibration standards. 

Section 10.1.2 

Section 10.1.2 

Section 10.1.3 

Section 10.3.2 
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1.0 INTRDDUCTIOfl 

Under the Atomic Energy Act of 1954, as amended, the U.S. Department of 
Energy (DDE) is obligated "to regulate its own activities so as to provide 
radiation protection for both workers and the public." Presidential Executive 
Order 12088, "Federal Compliance with Pollution Control Standards;" further 
requires the heads of executive agencies to ensure that all Federal facilities 
and activities comply with applicable pollution control standards and to take 
all actions necessary for the prevention, control, and abatement of environ- 
mental pollution. 

It is the policy of DOE to conduct effluent monitoring and environmental 
surveillance programs that are adequate to determine whether the public and 
the environment are adequately protected during DOE operations and whether 
operations are in compliance with DOE and other applicable Federal, State, and 
local radiation standards and requirements. It is also DDE policy that 
Departmental monitoring and surveillance programs be capable of detecting and 
quantifying unplanned releases and meet high standards of quality and credi- 
bility. It is DOE's objective that all DOE operations properly and accu- 
rately measure radionuclides in their effluents and in ambient environmental 
media. 

This regulatory guide describes the elements of an acceptable effluent 
monitoring and environmental surveillance program for DOE sites involving 
radioactive materials. These elements are applicable to all DOE and contrac- 
tor activities for which the DOE exercises environmental., safety, and health 
responsibilities, and are intended to be applicable over the broad range of 
DOE facilities and sites. In situations where the high-priority elements may 
not provide sufficient coverage of a specific monitoring or surveillance 
topic, the document provides additional guidance. The high-Priority elements 
are written as procedures and activities that "should*" be performed, and the 
guidance is written as procedures and activities that "s!Iou~~" be performed. 
The regulatory guide both incorporates and expands on requirements embodied in 
DOE 5400.5 and DOE 5400.1. 

1.1 PURPOSE AND SCOPE 

The primary purpose of the regulatory guide is to specify the necessary 
elements for effluent monitoring and environmental surveillance of radloactive 
materials at DOE sites to comply with both applicable Federal regulations and 
DOE policy. The high-priority radiological effluent monitoring and environ- 
mental surveillance program elements contained in this document are given in 
the form of generic performance criteria - that is, the numeric limits and 
actions required for maintaining and operating an adequate radiation protec- 
tion program for the public and the environment. In addition to the high- 
priority elements, this document also contains guidance to help define how the 
performance criteria can be met. The guide includes specific actions, equip- 
ment selections, and operational methods that would be expected to meet the 
performance requirements. 
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For new facilities and/or new effluent monitoring and environmental sur- 
veillance systems, the guidance, as defined by the “should” statements, shoul( 
be considered high-priority elements and be adopted to the extent applicable. 
The adoption of the guidance for new facilities and/or systems is a necessary 
step in fulfilling the commitment that environmental obligations be carried 
out consistently across all operations and among all field organizations and 
programs. 

The regulatory guide addresses the effluent monitoring and environmental 
surveillance practices associated with normal operations at a DDE facility. 
These practices may not be adequate for quantitative assessment of releases w 
environmental impacts associated with more serious unusual occurrences and 
emergency situations; these more serious situations may require a signifi- 
cantly different program. Precautions in this regard have been incorporated 
into the document as appropriate. All facilities are expected, in accordance 
with applicable DOE orders, to take appropriate actions to ensure a capabilit 
to detect and quantify releases of radioactive material during unusual occur- 
rences and emergency situations. 

1.1.1 Environmental Monitorinq 

As required in the Environmental Monitoring Requirements section of DDE 
5400.1, all DDE sites should* develop and maintain documentation concerning 
their environmental protection programs i,n the form of environmental monitor- 
ing plans. These required plans should* clearly describe how the minimum 
requirements defined in this document are to be met and how compliance will b 
ensured. In meeting the minimum requirements, each site should, also conside 
the guidance provided in this document as “should’ statements and document th 
specific procedural criteria that are adopted. 

The responsibility for ensuring development, documentation, and implemen 
tation of the site-specific effluent measurement and environmental surveil- 
lance programs for each DOE site remains with the individual field office 
responsible for the facility. Copies of each site-specific environmental 
protection program plan that has been approved by the Program Office shou7d 
be submitted to EH for information purposes. 

I.2 MANUAL ORGANIZATION AND TERMINOLOGY 

This regulatory guide is organized by sections as follows: 

1) Introduction 

2) Liquid Effluent Monitoring 

3) Airborne Effluent Monitoring 

4) Meteorological Monitoring 

5) Environmental Surveillance 
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6) Laboratory Procedures 

7) Data Analysis and Statistical Treatment 

8) Dose Calculations 

9) Records and Reports 

10) Quality Assurance 

11) References 

The user of this regulatory guide is assumed to have a working knowledge 
of DOE standards and requirements and of basic radiation protection concepts 
and terminology. Special terms are defined in Appendix A. 
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2.0 LIQUID EFFLUENT MONITORING 

All liquid effluent streams from DDE facilities should* be evaluated and 
their potential for release of radionuclides assessed. This evaluation is 
required to adequately control such releases. The results of this assessment 
provide the basis for the facility's Effluent Monitoring Program (DDE 5400.5), 
which shou7d* be documented in the.site Environmental Monitoring Plan (as 
described in DOE 5400.11, to show" 

0 Effluent monitoring (sampling or in situ measurement) extraction 
locations used for providing quantitative effluent release data for 
each outfall 

l Procedures and equipment used to perform the extraction and 

l Frequency and analysei .kqoired for each extraction (cant .inuous 

measurement 

monitoring and/or samplingi.location 

l Hinimum detection level and a&racy 

l Quality assurance components ' 

l Effluent outfall alarm settings and bases. 

Liquid effluents from DDE-controlled facilities that have the potential 
for radioactive contamination shou7d* be monitored in accordance with the 
requirements of DOE 5400.1 and DOE 5400.5. As appropriate, component systems 
may be grouped and standard procedures referenced. 

2.1 SUMMARY OF GENERAL CRITFRIA AND MONITORING REOUXREMENTS 

Facility operators shou7d* provide monitoring of liquid waste streams 
adequate to I) demonstrate compliance with the applicable requirements of DDE 
5400.5, Chapter II, paragraphs la, Id, 2a, and 3, 2) quantify radionuclides 
released from each discharge point, and 3) alert affected process supervisors 
of upsets in processes and emission controls. Continuous radionuclide moni- 
toring should be provided on those release points that could 1) exceed 1 DCG 
equivalent.at the point of release averaged bver 1 year and that are detec- 
table with state-of-the-art continuous monitoring devices, or 2) result in 
unanticipated releases to the environment that could exceed 1 DCG averaged 
over I year. Continuous sampling with frequent analysis may be used in lieu 
of continuous monitoring if the emissions from the radioactive materials are 
not detectable by state-of-the-art continuous monitoring devices. The moni- 
toring effort for effluents should be comensurate with the importance of the 
sources during routine operations and from potential accidents with respect to 
their potential contribution to public dose or to contamination of the envi- 
ronment. When continuous monitoring or continuous sampling is provided, the 
overall accuracy of the results shou7d* be determined (2% accuracy and the 
% confidence level) and documented in the Envfronmental Monitoring Plan. The 
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lower limit of detection for continuous monitoring systems shoo7d be stated in 
the Environmental Monitoring Plan. The lower limit of detection should be 
sufficiently low to ensure that analyses necessary to comply with the report- 
ing requirements of DOE 5400.5, Chapter II, paragraph 7, can be completed. In 
addition, provisions for monitoring of liquid effluents during an emergency 
shou7d* be considered when determining routine liquid effluent monitoring pro- 
gram needs. Emergency liquid effluent monitoring systems and procedures 
should be specified in the site/facility Emergency Response Plan. Liquid 
effluent monitoring requirements for DOE-controlled facilities are shown in 
the sunwary. 

2.2 PERFORMANCE STANDARDS FOR LIQUID FFFLUENT MONITORING SYSTEMS 

In addition, the selection or modification of a liquid effluent monitor- 
ing system shou?cF be based on a careful characterization of the source(s), 
pollutant(s) (characteristics and quantities), sample-collection system(s), 
treatment system(s), and final release point(s) of the effluents. For all new 
facilities or facilities that have been modified in a manner that could affect 
effluent release quantity or quality or that could affect the sensitivity of 
monitoring or surveillance systems, a preoperational assessment should* be 
made and documented in the Environmental Monitoring Plan ,to determine the 
types and quantities of liquid effluents to be expected from the facility and 
to establish the associated effluent monitoring needs of the facility. Char- 
acterization should include the identification of the actual or potential 
presence of radionuclides ,and their chemical and physical properties that 
might affect required performance of the sampling or monitoring equipment 
used. The performance of the effluent monitoring systems should* be suffi- 
cient for determining whether effluent releases of radioactive material are 
within the Derived Concentration Guides (DCGs) specified in DOE 5400.5 and to 
comply with the reporting requirements of Chapter II, paragraph 7, of that 
Order. The required detection levels of the analysis and monitoring systems 
should* be sufficient to demonstrate compliance with all regulatory require- 
ments consistent with the characteristics of the radionuclides that are 
present or expected to be present in the effluent. 

2.2.1 Cantinuaus 

For those effluent streams requiring continuous monitoring/sampling, all 
data received from the continuous monitorlng system should be used when per- 
forming statistical analyses. In the case of discharge points releasing radi- 
onuclides emitting alpha or weals beta radiation, with no documentable ratios 
to beta and/or ganzna emitters that could be used as indicator radionuclides 
(t.e., where it is not technologically feasible to monitor continuously), con- 
tinuous proportional sampling and analysis can be used as an alternatfve to 
continuous monitoring. However, the consideration of new technologies to con- 
tinuously monitor such effluent streams is encouraged. 
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22.2 Samolinu Svstems. 

Sampling systems shouid* be sufficient to collect representative samples 
that provide for an adequate record of releases from a facility, to predict 
trends, and to satisfy needs to quantify releases. 

2.2.3 Svstem CalibratiQn 

Continuous monitoring and sampling systems shou7d* be calibrated before 
use and recalibrated any time they are subject to maintenance, modification, 
or system changes that may affect equipment calibration. In addition, they 
shouW be recalibrated at least annually and routinely checked with known 
sources to determine that they are consistently functioning properly. Cali- 
bration(s) should be performed in a manner consistent with manufacturers' 
instructions and specifications. 
basis, at least weekly. 

Each system should be checked on a routine 
Sampling systems shouid be functioning properly 

before a facility is placed in operation. The use of redundant sampltng 
systems may be necessary to provide adequate sampling capabilities and prevent 
delays in process operation. 

2.2.4 bviroantal Conditions 

Environmental conditions (e.g., temperature, humidity, radiation level, 
dusts, and vapors} should* be considered when locating sampling and monitor- 
ing systems to avoid conditions that will influence the operation of the sys- 
tem. Off-line liquid transporting lines should* be replaced if they become 
contaminated (to the point where the sensitivity of the system is affected) 
with radioactive materials or if they become ineffective in meeting the design 
basis within the established accuracy/confidence levels. 

2.3 SAMPIING SYSTEM DESIGN CRlTFRIq 

Reliable quantification of radionuclides in liquid effluent streams 
requires representative sampling, which in turn requires consideration of 
stream flow rate and variability, sample port and collector design, delivery 
system reliability, effluent-stream chemical and biological characteristics, 
and the need for sample preservation. Useful advice on representative liquid 
sampling is available from the American Public Health Association (APHA 1985) 
and the American Society for Testing and Materials (ASTM 1986b). There are 
four basic liquid-effluent sampling alternatives: 

1) Off-line periodic - grab samples of waste streams are taken 
periodically, concentrated if desired, and delivered to the 
laboratory for analysis; 
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2) Off-line sequential - can be used when a stream flow-rate is rela- 
ttvely constant so that waste streams are sampled by taking time 
aliquots of the effluent, and the accumulated aliquots are analyzed 
in the laboratory; 

3) Off-line proportional - a known fraction of the effluent is con- 
tinuously collected before laboratory analysis; and 

4) Off-line continuous - samples are collected continuously at a known, 
uniform rate. 

The first alternative (commonly called grab sampling) is suitable for ensuring 
that previously determined release rates have not changed significantly or 
that radionuclides are not being introduced into the previously nonradioac- 
tive liquid effluent being sampled. Off-line sequential sampling is suitable 
for quantifying uniformly low concentrations of radionuclides being released 
via effluent lines to the environs. Off-line proportional sampling is appro- 
priate for obtaining representative samples from streams with fluctuating flow 
rates and radionuclide concentrations. Off-line continuous sampling js appro- 
priate for taking samples at a constant rate from effluents that have near- 
constant flow (i.e., flow that,does not vary by more than 50%). 

2.3.1 General Desisn Criteria 

The following criteria shoo7d be cons 
effluent sampling system: 

idered when operat ing a liquid 

l Location of sampling and monitoring systems 

l Use of a pump in areas where necessary to provide a uniform con- 
tinuous flow in the main sample line 

. A redundant sample-collection system or one of the following alter- 
natives to permit continued sampling during replacement or servicing 
of the system: 1) a substitute sample-transport system. 2) the 
capability to shut down the system for fast repair, or 3) an alter- 
nate method.for estimating releases when the system is not capable 
of operating 

0 Location of sample ports in liquid effluent lines sufficiently far 
downstream from the last feeder line to allow complete mixing (as 
complete as possible) of liquid and design of the sample port to 
allow intake of a proportional part of the liquid effluent stream 

l Capabil ity to determine the effluent stream and sample-line flows 
within an accuracy of at least 210% 

l Design of the system to minimize deformation and sedimentation and 
to prev 'ent freezing of effluent sample lines. 
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2.3.2 Stream Flow Characteristics 

Variability in the flow rate of liquid effluents may be the most signif- 
icant variable in the sample calculations. Thus, continuous monitoring and 
recording of effluent quantity shou7d be performed. If continuous monitoring/ 
sampling and recording of the effluent quantity (stream flow) is not feasible 
for a specific effluent stream, the extenuating circumstances shou7d* be docu- 
mented in the Environmental Monitoring Plan. The sampling point shou7d be 
located in an accessible section of the effluent line at the position provid- 
ing the most complete mixing. Liquid effluent flow rates should be measured 
within an accuracy of at least *IO% and recorded. A variety of measuring 
devices are available for measuring flow rates, such as V-notch weirs or 
ultrasonic or turbine flow meters. The recorded flows and the concentrations 
of radionuclides measured in the sample provide the information needed to 
compute the total amount of radioactive material released to the environment 
vi a the sampled stream. Very little accuracy is gained from proportional 
sampling of effluent streams having near-constant continuous flow. Continu- 
ous constant-rate sampling is more reliable and simpler. Thus, continuous 
sampling is recommended for near-constant, continuous-flow effluent streams 
(i.e., flow that does not vary by more than 50%). 

2.3.3 Samplinq Locations 

The sampling ports should be 1) positioned downstream from the last com- 
ponent stream entering, in a location that will provide complete mixing; and 
2) designed to accommodate a proportional amount of the full range of effluent 
flow for transport to the collection system. If proportionality cannot be 
automated, both the effluent and sample flow rates should be measured. 

2.3.4 Delivery Lines 

The integrity of the junction of the liquid-sample line with the sampling 
port is important. Liquid effluent lines can expand and contract consider- 
ably, depending on the thermal loading variation in the line(s). Conse- 
quently, design for such a junction shou7d consider either line snubbers or 
special fabrications to handle the added mechanical stress. 

2.3.5 Liauid Movers 

Unless sufficiently high and constant hydraulic pressure exists within an 
effluent system, a sampling pump of high reliability shou7d be installed. 
Removal of the sample from the liquid effluent line where a sampling pump is 
required shou7d be accomplished using a constant-volume pump that will main- 
tain a constant flow, regardless of line pressure changes. 

2.3.6 Sample Collectors 

The design of the collector portion of the sampling system should allow 
for the collection of a sample that is consistent with the method of analy- 
sis. For example, if the effluent stream has a small flow, a small container 
might be used to obtain a grab sample that is counted directly in the labora- 
tory. If concentration of the sample is necessary, a large-volume sample will 
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be necessary. If the collection system requires measured aliquots taken 
sequentially every few minutes, then both the frequency and required sensi- 
tivity of analysis have an impact on the size of the container to be used. 
The sample line should be routed back to either the effluent line or a waste 
treatment system. Thus, location of the sample collection system can be based 
in part on the return flow of the sample line. 

2.3.7 Special Considerations 

The following special conditions shou7d be considered when designing and 
operating a liquid effluent sampling/monitoring system: 

l Effluent lines are frequently buried in soil, which creates accessi- 
bility problems for sampling unless special provisions are consid- 
ered in the discharge system design. 

l Biological growths can cause sample-line flow restrictions. 

l Effluent lines,often move or are stressed mechanically. 

l Large fluctuations in effluent flow rates are common. 

l Small-volume wastes are easier to collect in batch tanks, lending 
themselves to grab sampling and analysis before release. 

l Sample collection may require extra precautions (e.g., precoating 
sample containers). 

l Effluent velocity and corrosion can significantly affect in-line 
sampling or monitoring probes. 

l Effluent monitoring systems and procedures should be designed to 
identify and quantify the full range of potential accidental 
releases as well as those from routine operations. 

It is especially important to consider these factors during the design 
stages of a sampling/monitoring system so proper allowance can be made to 
accommodate them. Sampling/monitoring lines and components should* be 
designed to be compatible with the chemical and biological nature of the liq- 
uid effluent. Biological growth around or wtthin a sampling/monitoring systt 
can plug or distort sampling orifices and equipment. If biocides are used, 
they should be selected and applied so as not to interfere with the sampling 
and analytical processes. When batch tanks are used for collecting liquid 
effluents before release to the environment, three factors should be 
considered: 

l Adequate mixing of the sampled volume to provide that liquids in the 
tank are homogeneous for sample withdrawal 

l Recirculation of tank liquid through the sample lines to provide 
that the sample is representative 
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l Frequent checks for residual liquid or sludge accumulation as 
needed. 

2.3.8 Environmental Considerations 

The external environment surrounding the sampling system and effluent 
lines must be considered. The sampling system should be protected from 
adverse environmental factors including unusual operational impacts. At sam- 
ple collection points, the ambient dose rate originating In the effluent 
line(s) and the sampling apparatus should be evaluated for compliance with 
shielding and contamination control requirements necessary for reducing worker 
exposure. Components of the sampling system should be readily accessible for 
maintenance. 

2.4 BONITORING SYSTEM DESIGN CONSIDERATIONS 

Design considerations for ltqufd effluent monitoring systems should 
include the purpose of the monitoring, the types and levels of expected radio- 
nuclides, potential background dose rates, expected duration of releases, and 
environmental effects. One of the primary purposes of using a monitoring sys- 
tem is to utilize its ability to provide a prompt signal if a significant 
release occurs. Thus, the output signal from monitoring systems should be 
continuously monitored by responsible personnel. .In addition, written 
response procedures should be provided describing the action that responsible 
personnel must take if an abnormal signal is detected. The output signal 
instrumentation, monitoring system recorders, and alarms should* be in a loca- 
tion that is continuously occupied by operations or security personnel. 

2.4.1 fionftorina Purooses 

An unshielded in-line monitoring system shou7d be sufficient to quantify 
the ganmia-emitting radionuclides in the liquid effluent line, if low ambient 
dose-rate conditions exist. For moderate ambient dose rates, in-line moni- 
toring may be sufficient, but shielding shou7d be employed. For high ambfent 
dose conditions (i.e., 
solution to controlling 

those above which shielding is no longer a practical 

be used. 
the background influence), off-line monitoring shou7d 

If the primary purpose of the monitoring system is to alert operat- 
ing staff to significant unplanned increases in gamma-emitting radionuclides 
within the liquid effluent line, in-line monitoring may be preferred. A com- 
binationof in-line and off-line monitoring may be required to accommodate 
both routine and emergency monitoring. 

2.4.2 General Desian Criteria 

The following general design criteria should be considered in the design 
and operation of routine liquid effluent monitoring systems: 

1) If off-line monitoring is employed, 

l Use criteria in Section 2.3 for sample transport. 
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l Use criteria in Section 2.3.8 for environmental protection, 
maintenance, and modification. 

l Use characterization study data for radionuclide measurements, 
including ratios of radionuclides not directly measurable, if 
present. 

l Use adequate shielding for detector operation and to maintain 
personnel exposure as low as reasonably achievable. 

l Use a predefined alarm level that is just above normal vari a- 
tions in release 'levels. 

l Locate alarm annunciators in normally occupied locations. 

l Use stable electric power sources to provide uniform voltage to 
the monitor and alarm systems. 

2) If in-line monitoring is employed, 

l Use the criteria for off-line monitoring. 

. Use interpretive curves (primarily for ion chamber and Geiger- 
Mailer tube monitors) that allow quick conversion of doserates 
or count rates to radionuclide release rates (e.g., &i/min}, 
such that both concentrations of and curies released by the 
various radionuclides can be estimated. 

2.4.3 TvDeS of Radiation 

In liquid effluent streams, direct measurement is only possible wfth 
gamma-emitters or by making gross beta-garrma measurements. In situ alpha 
measurement is not feasible (at this time) with existing technology. Excep- 
tions may exist when coincident gamma radiation is involved with alpha emis- 
sions. Gross beta measurement is possible using thin, plastic scintillators. 
However, it.shou7d be demonstrated that the chosen detector is capable of 
measuring with the required sensitivity. Sampling and analysis should be used 
to quantify release of alpha-emitters and some beta-emitters (i.e., those that 
cannot be adequately measured using detectors). 

2.4.4 Hiah Backqround 

Even though some shielding is provided by the liquid contents themselves, 
direct or indirect measurement in areas with high ambient radiation levels 
requires shielding or off-line analysis. Even with shielding, the low-energy 
gamma spectrum may be biased when using in situ monitoring in locations of 
relatively high background dose rates [depending on the radionuclide(s) being 
measured and the composition of the background]. Consequently, when designing 
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installations for locations that are expected to have relatively high radi- 
ation dose rates, off-line monitoring shou7d be used. 

2.4.5 Release Duration 

Radioactive material in effluents occasionalJy originates from a fluctu- 
ating source(s). If the content and radioactivity concentration are constant 
but the release is of short duration, the effluent is considered a "batch" 
release. Before a batch is released, a representative grab sample shou7d be 
drawn and analyzed to determine releasability. If the effluent originates 
from a continuing source(s), it is considered a "continuous" stream and strouid 
be continuously monitored and/or sampled. 

2.4.6 Environmental Effects 

Environmental conditions can play a key role in the efficient design of a 
monitoring or sampling system. Air conditioning for hot locations and heat- 
ing for cold locations should be considered to provide reliable system opera- 
tion, particularly for systems using electronic components. The system shouid 
be designed and Jocated so that the ambient dose rates will permit access for 
system calibration and servicing, and minimize worker exposure. Shielding may 
be required to control worker exposure during calibration and servicing. 

2.5 ALARM LEVELS 

To signa the need for corrective actions that may be necessary to pre- 
vent public or environmental exposures from exceeding the limits or recommen- 
dations given in DOE 5400.5, when continuous monitoring systems are required, 
they should* have alarms set to provide timely warnings. To prevent the cumu- 
lative impacts of smal7 releases from producing a significant impact, routine 
grab, continuous, or proportional samples shou7d be collected often enough to 
detect radionuclides of interest including those with relatively short half- 
lives. 

2.6 OUAlITY ASSURANCE 

As they apply to the monitoring/sampling of liquid effluents, the general 
quality assurance program provisions of Chapter 10 should* be followed. Spe- 
cific quality assurance requirements for the facility's liquid effluent moni- 
toring program are to be contained in the Quality Assurance PJan associated 
with the facility. 

2-9 





3.0 AIRBORNE EFFtUENT MONITORING 

All airborne emissions from DOE-controlled facilities(aj shou?d* be 
evaluated and their potential for release of radionuctides assessed. This 
assessment is required to demonstrate that all such releases are adequately 
controlled and their environmental impacts properly evaluated. The potential 
for emissions should* include consideration of the loss of emission controls 
while otherwise operating normally. The results of this evaluation also pro- 
vide the basis for the site's effluent monitoring program (as discussed in 
DOE 5400.5), which should* be documented in the site Environmental Monitoring 
Plan (as discussed in DOE 5400.1) to show 

. 
l Effluent monitoring (sampling or in situ measurement) extraction 

locations used for providing quantitative emission data for each 
emission point 

. Procedures and equipment needed to perform the extraction and 
measurement 

l Frequency and analyses required for each extraction (continuous 
monitoring and/or sampling} location 

l Minimum detection level .and accuracy 

l Quality assurance components 

. Investigation and alarm levels. 

Airborne emissions from DOE-controlled facilities that have the potential 
for causing doses exceeding 0.1 mrem (effective dose equivalent} to a member 
of the public under realistic exposure conditions,-from emissions in a year 
shou?d* be monitored in accordance with the requirements of DOE 5400.1 and 
DOE 5400.5. As appropriate, component systems may be grouped and standard 
procedures referenced. 

3.1 SUMMARY OF GENERAL CRITERIA AND MONITORING REQUIREMENTS 

The criteria listed in Table 3-l shou?d* be used to establish the air- 
borne emission monitoring program for DOE-controlled sites. The criteria 
listed in Table 3-l are based on the projected effective.dose equivalent in 
one year to a member of the public (in mrem). Additional airborne emission 
requirements for DOE-controlled facilities that are required under DOE 5400.1 
and DDE 5400.5 are given in the summary and discussed in this chapter. The 
monitoring effort should be commensurate with the importance of the sources 
during routine operation and from potential accidents with respect to their 
potential contribution to public dose or to contamination of the environment. 

(a> DOE usage of the terms "site" and "faciIityn is considered equivalent to 
40 CFR Part 61 usage of the terms "facility" and "source." 
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TABLE 3-I. Criteria for Emission Monitoring 

Calculated Maximum Dose 
from Emissions in a Year 
to Members of the Public: 
H- mrem [effective dose 
ebuivalent (EDE)] Minimum Emission Monitoring Criteriafa) 

3) 

41 

31 

0.1 < HE < 1 

HE < 0.1 

4) 

1) 

2) 

3) 

4) 

1) 

2) 

3) 

Continuously monitor emission points that 
could contribute ~0.1 mrem in a year 
Identify radionuclides that contribute 110% of 
the dose 
Determine accuracy of results (2% accuracy and 
% confidence level) 
Conduct a confirmatory environmental survey 
annually 

Monitor at the receptor: 
Continuously sample air at receptor 
Collect and measure radionuclides contributing 
rI mrem (EDE) above background 
Establish sampler density sufficient to esti- 
mate dose to critical receptor given typical 
variability of meteorological conditions 
Obtain prior approval from EPA 

Continuously monitor emission points that 
could contribute ~0.1 mrem in a year 
Identify radionuclides that contribute 10% or 
more of the dose 
Conduct confirmatory effluent monitoring at 
emission points where possible 
Conduct a confirmatory environmental survey 
every few years 

Take periodic confirmatory measurements 
Test to determine need to monitor by calcu- 
lating dose (H ) for normal operation, 
assuming that E he emissions controls are 
inoperative 
Conduct a confirmatory environmental survey at 
least every five years 

(a) Permission for the use of alternative criteria may be obtained through 
EH, who will coordinate the request with EPA Headquarters to obtain EPA 
concurrence, where applicable. Coordination with EPA Regional Offices 
should be accomplished through DOE Program Office authority. 
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3.2 REOUIREMENTS FOR COMPLIANCE WITH EPA REGULATIONS 

Airborne emissions of radioactive materials from DOE-controlled facili- 
ties are subject to the regulations of the U.S. Environmental Protection 
Agency (EPA). The primary regulation is 40 CFR Part 61, "Nationat Emission 
Standards for Hazardous Air Pollutants" (NESHAP). The specific emission stan- 
dard is contained in Subpart H of 40 CFR Part 61. Additional requirements 
that cover specific DOE-controlled operations are found in 40 CFR Part 192, 
regulating emissions from uranium and thorium mill tailings operations. For 
the purpose of compliance with the dose equivalent limits contained in 40 CFR 
Part 61, Subpart H, a "facility" is considered to be the entire site (e.g., 
Hanford Site, Savannah River Site, Idaho National Engineering Laboratory), 
including all of its potential 'sources," or DOE-controlled facilities. Pro- 
cedural requirements of 40 CFR Part 61, such as applications for approval to 
construct, also apply to individual DOE-controlled facilities within each 
site. Subpart H of 40 CFR Part 61 contains EPA-approved principles and 
methods by which airborne emissions are measured to demonstrate compliance 
with the emission standard. 

3.3 PERFORMANCE STANDARDS FOR AIR-SAMPLING SYSTEMS 

The frequency requirements for airborne emission monitoring (continuous 
monitoring and/or sampling] programs are summarized in Table 3-1. Application 
of these criteria to an individuat facility (DOE-controlled site) or source 
(DOE-controlled facility) requires that an adequate study of the expected 
releases, potential exposure pathways, and resulting dose be conducted. For 
a71 new facilities or facilities that have been modified in a manner that 
could affect effluent release quantity or quaiity or that could affect the 
sensitivity of monitoring or surveillance systems, a preoperational assess- 
ment shou?d* be made and documented in the site Environmental Monitoring Plan 
to determine the types and quantities of airborne emissions to be expected 
from the facility, and to establish the associated airborne emission monitor- 
ing needs of the facility. The performance of the airborne emissions moni- 
toring systems shou7d* be sufficient for determining whether the releases of 
radioactive materials are within the limits or requirements specified in 
DOE 5400.5. Sampling and monitoring systems sfiou7d* be calibrated before use 
and recalibrated any time they are subject to maintenance or modification that 
may affect equipment calibration. Sampling and monitoring systems shou7d* be 
recalibrated at Ieast annually and routinely checked with known sources to 
determine that they are consistently functioning properly. Provisions for 
monitoring of airborne emissions during accident situations shou7cf* be con- 
sidered when determining routine airborne emission monitoring program needs. 

3.3.1 Definina Point or Diffuse Sources 

The sources (DOE-controlled facilities) contributing to the total emis- 
sions from a facility (DOE-controlled site) can be considered as either 
"point" sources or "diffuse" sources. A point source is a single defined 
point (origin) of an airborne release such as a vent or stack. A diffuse 
source is an area source or several sources of radioactive contaminants 
released into the atmosphere (generally, all sources other than point 
sources}. 
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3.3.2 Diffuse Sources 

The category of diffuse sources covers many situations, most of which 
are difficult to characterize (e.g., ponds, contaminated areas, structures 
without ventilation or with ventilation that does not result in a well- 
defined release point). Attempts to define the emissions under such an array 
of conditions and other complex and ill-defined factors affecting the trans- 
port of the emissions (generally meteorological and topographical factors) 
would require complex sampling techniques, and repositioning of equipment may 
be necessary. Diffuse sources shou7d* be identified and assessed for their 
potential to contribute to public dose and shoo7d* be considered in designing 
the site effluent monitoring and environmental surveillance program. Diffuse 
sources that may contribute a significant fraction (e.g., 10%) of the dose to 
members of the public resulting from site operations shou?d* be identified, 
assessed, documented, and verified annually. 

3.3.3 Diffuse Source Assessment 

If a diffuse source assessment is warranted because of potential contri- 
bution to the offsite dose, the following procedures shou?d be applied: 

1) The assessment shou7d be accomplished by using appropriate COM- 
putational models and/or a downwind array of samplers arranged and 
operated over a sufficient period to characterize the concentra- 
tions of radionuclides in any resulting plume. 

2) Empirical data and sound assumptions shou7d be used with the com- 
putational models to define the source term for a diffuse source. 

The validity of the resulting release estimates relies on the profes- 
sional judgment and knowledge of the individuals involved and is usually dCf- 
ficult to,verify. As a general rule, reliance will be placed on the site 
environmental surveillance program to confirm predictions. 

3.4 DESIGN CRITERIA FOR SYSTEM COMPONENTS 

Airborne emission sampling and monitoring systems shoo7d* demonstrate 
that quantification of airborne emissions is timely, representative, and ade- 
quately sensitive. The design of such systems begins with a characterization 
and documentation of the emission sources. The level of detail required 
shou7d be sufficient to provide that the system is qualified for the task. A 
number of factors are critical to this characterization, but their importance 
can vary in a specific situation. The following factors are among those that 
shou7d be considered: 

l Identification of the actual or potential radionuclides present 
(e.g., type, concentration} 

l Identification of fallout and naturally occurring (background) 
radionuclides 
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l Presence of materials (chemical, biological) that could adversely 
affect the sampling and nionitoring system or detection of 
radionuclides 

l Internal and external conditions that could have a deleterious 
effect upon the quantification of emissions (e.g., environmental 
factors such as temperature, humidity, and ambient ionizing radia- 
tion; events that could result in a complete loss of the systems, 
such as fires, floods, or earthquakes; and gas-stream character- 
istics, such as temperature, pressure, humidity, and velocity) 

l Process descriptions and variability 

l Particle-size distribution of particulate materials 

l Cross-sectional homogeneity of radionuclide distribution at the 
sampling point. 

Additional information on factors that influence sampling systems and aerosol 
behavior can be found in Hinds (1982) and Hidy (1984). For most DOE opera- 
tions, effluents are assumed to be emitted to the ambient atmosphere under two 
physical configurations - point and diffuse sources. 

3.4.1 Point Sources 

For point sources, documentation of the important characteristics of the 
exhaust handling system and other pertinent structural information, the per- 
tinent characteristics of the process and process-emissfon control systems, 
and the sampling and measurement systems shou7d be included in the site Envi- 
ronmental Monitoring PI an. Any reports or data from studies conducted to 
evaluate the operational performance or real or suspected deficiencies of the 
systems shou7d also be provided at a single, readily accessible location 
(e.g., the site airborne emission monitoring files}. 

3.4.2 Diffuse Sources 

The types of information to be documented in the site Environmental 
Monitoring Plan for diffuse sources are less readily identifiable. Diffuse 
sources can range from large areas of contaminated soil to ponds or uncon- 
trolled releases from openings in a structure. The factors that have a 
significant influence on the air suspension of radionuclides from these situ- 
ations depend on the force applied (which results in suspension of the radio- 
nuclide in air) and the factors that resist suspension [e.g., subdivision of 
liquid surface by shear stress (sprays) from ambient winds, over-pressure 
phenomena within a structure that result in the atmospheric release of radio- 
nuclides, the exchange of indoor and outdoor atmospheres at portals, and aero- 
dynamic entrainment of contaminated soil]. A potential source shou7d be 
adequately described to show the radionuclides present, the form of the mate- 
rials, and the factors contributing to suspension. The rationale to substan- 
tiate the approach used to assess and characterize the source should be 
documented. Information on considerations in diffuse-source sampling can be 
found in Hesketh and Cross (1983). The most reliable source of data IS likely 
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to be 'local experience with similar installations. In addition to the discus- 
sions of input parameters in documentation supporting the EPA/CAP-88 and 
AIRDOS computer codes, additional insight into the parameters necessary for 
estimating dose from fugitive emissions is provided by Whelan et al. (1987), 
Gilbert et al. 1989, and EPA-600/12-87-066. 

3.4.3 Gases and Vapors Versus Particulates 

Radionuclides in gaseous effluents can be in the form of noncondensable 
gases, vapors, and particulate materials. The design criteria for gases and 
vapors (considered to have the same flow behavior) can be less rigorous than 
those required for sampling particulate materials, since the inertial forces 
that affect the distribution of particles in a gas stream are much less impor- 
tant. Where criteria or requirements have not been specified in this section, 
guidance is provided to aid users in designing and operating air-sampling 
systems. 

3.5 POINT-SOURCE DESIGN CRITERIA 

3.5.1 Gas-Stream Characterization Methods 

Accepted methods [C 3154-72, 3195-73, D 3464-75, D.3796-79 (ASTK 1985); 
EPA Method 1 (Smith 1984)] shou'ld be used to measure gas-stream characteris- 
tics (e.g., velocity, static pressure, temperature, and moisture content) 
consistent with sampling conditions. The characteristics and conditions of 
gas flow can vary widely, and the frequency of the measurements needed to meet 
the required accuracy for flow-rate determination will be based on the sta- 
bility of flow from that source (DOE facility), the impact of the gas charac- 
teristic on the sample taken, and the significance of the contribution from 
that source (DOE facility) to the radiological impact of the emissions from 
the facility (DOE site}. EPA Methods I, 2, and 4 shou7d be used to measure 
and determine stack velocity, static pressure, temperature, and moisture con- 
tent. EPA Method I determines where and how many velocity measurements must 
be taken. EPA Method 2 is the actual procedure used to measure and determine 
stack gas velocity, static pressure, and volumetric flow rate. EPA Method 4 
is used to determine moisture content in stack gases. 

3.5.2 Location of Sample-Extraction Sites 

Samples of gaseous effluents should be extracted from an accessible 
location in the stack downstream from any obstruction, preferably near the 
outlet, so that concentrations of the material of concern are uniform. To the 
extent practicable, samples should* be extracted from the effluents from a 
location and in a manner that provides a representative sample, using multi- 
port probes if necessary. If feasible, gaseous effluents shou7d be extracted 
at least eight stack or duct diameters downstream and two stack or duct diam- 
eters upstream from any major flow disturbances (e.g., bends, transitions, 
open flames, last stream entry, sampling probes, etc.) (EPA Method 1, Smith 
1984). The extraction point should be as close as practicable to the point 
where the emissions from that source (DOE facility) are released to the atmos- 
phere while still complying with the criteria defined above. If possible 
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while meeting the mixing length requirement, extraction sites should be 
located in vertical sections of the stack or duct. The absence of cyclonic 
flow at the extraction site should be demonstrated (EPA Method I, Smith 1984). 
EPA Method 1 states that in no case will sample extraction sites be located 
less than two (2) stack diameters downstream and one-half (0.5) stack diameter 
upstream from any flow disturbance, unless approved by EPA. If uniform flow 
and concentration can be demonstrated at a stack or duct location during all 
anticipated operating conditions, a single probe with the average velocity of 
the effluent flow integrated over the cross section of the probe opening can 
be used (ANSI NlS.l-1969). If uniform flow and concentration cannot be demon- 
strated or if incomplete mixing is suspected in large-diameter stacks or ducts 
(diameters greater than 30 cm), the need for multiple inlet probes under con- 
tinuous sampling conditions should be considered. If multiple inlet probes 
are used, the volume flow through each inlet shouid be proportional to the 
volume fraction of the effiuent flow in the annular area sampled. 

3.5.3 Samole-Extraction Probes 

Requirements for the sampling of gases and vapor depend on the presence 
of particulate material. If the material of concern exists as a gas or vapor 
that does not interact with particulate material in the gaseous effluent, 
simply extracting a known fraction of the effluent flow is adequate provided 
the criteria for uniform flow and concentration are met. Such conditions are 
not the norm; many vapors (e.g., radioiodine) interact with existing parti- 
cles, and all materials should be collected so that quantification of emis- 
sions is accurate. 

Extraction probes and nozzles for the sampling of particulate materials 
shou7d be consistent with ANSI N13.1-1969 and EPA Method 5 (Smith 1984) for 
particulate materials. These referenced standards/methods are atso recom- 
mended as general guidance for the sampling of gases and vapors. Probes for 
aerosol sampling shou7d be positioned isoaxially in the stack or duct and 
sized to extract at the same velocity as the effluent stream sampled (isoki- 
netic sampling) when particle mass median diameter exceeds 0.5 pm. Although 
it is believed that isokinetic sampling conditions are not required to extract 
aerosols that have passed through a properly operating high-efficiency partic- 
ulate filter system (because of the removal of large-diameter airborne partic- 
ulate material}, it is good practice to provide isokinetic sampling eonditions 
to the extent practicable and to consider transport under Moderate turbulence 
conditions to minimize the loss of any particulate materials present. 

Probe nozzles for the sampling of aerosols shou7d be constructed of 
seamless stainless-steel tubing (or, for corrosive atmospheres, other rigid, 
seamless tubing that wi71 not degrade under sampling conditions) with sharp, 
tapered edges. The angle of taper should be 300, and the taper shou7d be on 
the outside edge to preserve a constant internal diameter (EPA Method 5, Smith 
1984). Probes shou7d be designed so that they can be easily removed for 
cleaning, repair/replacement, or deposition evaluation. Changes in flow 
direction should be made with bends having a curvature radius of at least five 
tube diameters (ANSI N13.1-1969) to accommodate the diameter of the largest 
particle in the sample. Probe nozzles for the sampling of only gases and 
vapors shou7d be constructed of corrosion-resistant materials that do not 
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react to any significant degree with the materials collected. The nozzles 
shou7d be rigid to the point of collection, accumulation, or measurement. If 
aerosol samples are extracted from more than one location in the stack/duct, 
all individual nozzles should provide isokinetic sampling conditions 
(ANSI NI3.1-1969). Each individual nozzle s/~ouI,d be designed to extract a 
proportionate volume of the sample- 

3.5.4 Sample-Transport Lines 

Where the material(s) of concern is in particulate form, gaseous efflu- 
ent samples should be transported in lines that comply with ANSI N13.1-1969. 
If the material(s) of concern is in the form of gas(es) or vapor(s), the sam- 
ples of gaseous effluents should be transported in lines with no significant 
leakage or loss of material (by chemical reaction, condensation, etc.). For 
consistency with EPA Method 5, significant leakage is any leakage rate in 
excess of either 4% of the average sampling rate or 0.02 cfm, whichever is 
less. Lines should be kept as short as possible. Sample lines should be 
constructed of conducting material only. Systems that directly expose the 
collector or monitor to the effluent stream are preferred. Line diameter and 
materials of construction should be selected to minimize wall losses under 
anticipated sampling conditions. Aerosol transport lines should be rigid and 
should be electrically grounded to the point where the particles are 
collected/accumulated. Aerosol transport lines should not have sharp bends. 
Changes in direction shou7d be made with radii of curvatures greater than five 
tube diameters. The transport lines should be adequately supported to prevent 
sagging and undue stress. Transport lines should be made of materials resis- 
tant to corrosion under anticipated sampling conditions and shou7d, as 
required by ambient temperature, be insulated and/or trace-heated to prevent 
condensation of materials under anticipated sampling conditions. 

3.5.5 Air-Movinq Systems 

Air-moving systems for gaseous effluent sampling shou7d be constant dis- 
placement systems (e.g., rotary vane, gear) or other systems that will main- 
tain constant air flow in anticipated sampling conditions. A central vacuum 
system with a vacuum pump and receiver large enough to provide simultaneous 
flow for all samplers may be used in situations where sampling from many loca- 
tions is anticipated. Pumps and other mechanical components should be 
designed to operate continuously under antfcipated operating conditions, with 
scheduled preventive maintenance and repair. Equipment used for intermittent 
or grab sampling should be designed to operate continuously for the duration 
of the sampling period(s). 

3.5.6 Air-Flow Measurements 

Sampler gas flows shou7d be continuously measured and measurements 
recorded over the duration of the sampling period. The period over which 
measurements are integrated and the frequency of the recording shou7d be 
determined by the significance of the emission being measured and the anti- 
cipated flow fluctuations. All sampling systems should, at a minimum, have a 
gas-flow gage that is read and recorded daily, unless it can be demonstrated 
that the flow rate is constant, and at the start and end of each sampling 
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period. Unless extenuating circumstances dictate otherwise, the flow measure- 
ments should be accurate to &lO% by calibration with standards traceable to 
the National Institute of Standards and Technology (NIST) (DOE/EP-0096). The 
most frequently used devices for these measurements are rotameters. Venturi 
meters, fixed orifices, vane anemometers, and Pitot tubes may be used within 
their limitations (ANSI N13.3-1969). Other devices, such as hot-wire ane- 
mometers, can also be applied within their limitations, but all devices should 
be calibrated under conditions of anticipated use with NIST-traceable or 
equally acceptable (in the case where an NKT standard does not exist) stan- 
dards. Flow-measuring devices used for compliance determinations should be 
located downstream from the collector since deposition, condensation, and 
corrosion can result in erroneous measurements. The main objective of accu- 
rate effluent flow measurement is to allow accurate estimates of radio- 
nuclides in the effluent. 
maintenance of isokinetics. 

Knowledge of the fraction is important for the 
Performance standards and design criteria for the 

measurement and control of the bulk effluent flows (i.e., flow in the process 
effluent stream) should be consistent with the requirements for sampJing flow 
measurement and control. Because the intent is to extract a known fraction of 
the gaseous effluent being sampled, accurate and reliable measurement of the 
effluent flow is also important. Normally, automatic air-flow feedback sys- 
tems that adjust sampler flow, which is induced by the monitoring-system sam- 
pling pump, by continuously measuring effluent flow to maintain isokinetic 
sampling conditions will not be required. The need for feedback systems 
shou7d be considered for each emission stream having large fluctuations in 
flow (greater than a factor of two) and contributing a major fraction (e.g., 
greater than 10%) of the offsite emission limit for radionuclides from the 
facility. 

3.5.7 Samole Collectors 

The design and capabilities of the collector will depend on the form of 
the radionuclides to be collected, the sampling conditions, and the analyti- 
cal techniques to be used. The radionuclides in gaseous effluents can be 
found in all three physical forms - gases, vapors, and particulate materials. 
Different techniques are needed to collect and separate the physical forms or 
individual chemical *compounds within the forms. ANSI N13.1-1969 shou7d be 
followed to the extent practicable. Because the intent of sampling and meas- 
urement is to provide accurate, reliable quantification of radionuclide .emis- 
sions, collectors with the most reproducible collection efficiency under 
anticipated sampling conditions should be used. 
ware shou7d be designed to minimize sample loss. 

Collector housing and hard- 

3.5.8 Continuous Monitoring Svstems 

Timeliness should be considered when quantifying radionuclides in gase- 
ous effluents. Where the potential offsite radiological impacts are well 
below the standard, radionuclide sampling and collection with periodic meas- 
urement 
elides. 

(e.g., laboratory analysis) are sufficient to quantify the radionu- 
However, where a significant potential (greater than once per year) 

exists for approaching or exceeding a large fraction of the emission standard 
(e.g., 20X), continuous monitoring should* be required. System specifica- 
tions require a careful balancing of sensitivity, energy response. response 
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time, and accuracy for the radionuclide of interest [ANSI N42.f8-I974 
(R 1980)]. The electrical and electronic factors to be considered are covered 
in IEC N. 761-1. Continuous monitoring systems range from a simple ionization 
chamber to a system that monitors and records a spectrum of radionuclides 
(e.g., flow-through ionization chambers preceded by absolute filters and 
iodine removal systems). Compensation or adjustment shou7d be provided for 
pressure, temperature, humidity, and external background. To interpret the 
measurements correctly, the composition of any noble gases present must be 
known. If significant amounts of tritium are present, tritium removal is nec- 
essary before other measurements are taken. Monitors using a stainless-steel 
vessel with a known volume of gas and a lithium-drifted germanium detector 
[Ge(Li)] or an intrinsic germanium detector or equivalent shou7d be used (DOE/ 
EP-0096). Monitoring can be performed by either in-line or off-line systems. 
In-line systems are those in which the detector assembly is immersed in the 
effluent stream, usually in a well or other protection, while off-line sys- 
tems pull an aliquot from the effluent stream for collection or conveyance to 
a detector assembly. In-line systems are less complex than off-line systems 
but may not provide specific radionuclide measurements directly (DOE/EP-0096). 
In certain types of facilities {e.g., chemical separations plants), a repre- 
sentative sample may require dehumidification and reheating before distribu- 
tion to separate monitors for specific measurements (e.g., alpha, beta, gamma 
spectroscopy, radioiodines, krypton). Specifications that shou7d be consid- 
ered for airborne emission monitoring systems are as follows (other guidance 
may be found in DOE/EP-0096). 

3.5.8.1 In-line and Off-line System Specifications 

l Meet all design criteria for air sampling except those for air sam- 
pl e transport. 

l Have calibrated curves for the detector assembly that allow conver- 
sion of instrument signals to release rates from which both the 
current concentrations and the total specific radionuclide emis- 
sions can be estimated. 

l Have only the detectors and small electronic assemblies 'ocated in 
or adjacent to the effluent stream (IEC N. 761-3). A detector 
shoo7d not be particularly sensitive to environmental conditions or 
require frequent attention or adjustment. 

l Use appropriate calibrations for radionuclides to be measured, 
including ratios to other nonmeasurable radionuclides, if present. 

l Meet performance requirements within the anticipated environmental 
conditions (e.g., temperature, humidity, radiation levels}. sys- 
tems to control the environment for the proper functioning of the 
monitors shou?d be provided.. 

l Have adequate access for maintenance, repair, and calibration. 

l Have a stable source of electrical power. 
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3.5.8.2 Soeciai tiousinq 

Special housing may be necessary to meet these specifications. In 
either case, the available signal range should include the full range of oper- 
ating conditions. The signal range of routine effluent monitoring systems 
that are also identified for use during accidents shou7d be sufficient to mon- 
itor releases from design basis accidents. If a measuring cell or gas chamber 
is used to provide a known volume of gas for measurement with an immersed or 
adjacent detector, the following design features should be considered: 

l A flow-through type vessel or chamber with or without absorbing 
medium or pressurization 

l Specifications for cell volume and pressure 

. Separation of the detector from the sample by a protective screen 
if practicable 

. A readily removable detector mounted so that it will be returned 
to and maintaineo in its original posltion, and provision for an 
alternate position or other means of varying response by a factor 
of at least 10. 

3.5.8.3 Specific Radionuclide Monitors 

The following criteria are guidelines to be considered for monitors that 
measure specific radionuclides. 

Tritium Monitors. ANSI N42.18-1974 (R 1#80) specifies a minimum level 
of detectability (MLD) for tritium of 5 x lo- &i/mL for continuous monitors 
used in gaseous effluent streams. IEC N.761-5 specifies a minimum level of 
detectability of 2 x 10e6 p&i/mL. The ANSI MLD is a 1974 minimum standard, 
and it specifies measurable concentrations at a 95% confidence level after 4 
nours of sample collection. However, the detectability level may not be 
obtainable with mixtures of radionuclides, and instrument response is limited 
by natural airborne raaioactive materials (radon and thoron in equilibrium 
with their decay products). Additional concerns that should be considered in 
instrument design for tritium monitors based on the EEC standard (IEC N.761- 
5) are as follows: 

l Temperature control during sample transport to prevent condensation 
(much of the tritium may be in the form of airborne water vapor); 
and 

l Trapping or retention of water by a filter or sorbent (since much 
tritium is commonly in the form of HTO). 

ionization Chambers. These cnambers are wiaeiy used for measurl;ng gas- 
eous tritium (DOE/EP-0096). They are simple and economical. A useful rule- 
of-thumb for measuring tritium.in air with ionization chambers is that 
ionization current collected at saturation is approximately I &/Ci. Tritium 
measurements of about lo-' Ji/mL are possible in low-background environments, 
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which produce ions at a rate equivalent to 1 mrem/hour. Shielding may be 
required for specific applications. If shielding is not practical, a second 
chamber exposed to the same gamma field without tritium is recommended. 
Changes in pressure and temperature in the chamber can affect the calibra- 
tion, and appropriate adjustment controls for these factors shou7d be pro- 
vided. Ionization chambers are more sensitive to radioactive (noble) gases 
that produce larger energies per disintegration and may cause major inter- 
ferences. Proportional counters are also used to measure airborne tritfum 
(DOE/EP-0096). They are relatively insensitive to background radiation and 
have energy discrimination capabilities. Systems using proportional counters 
are more complicated than those required for ionization chambers. Propor- 
tional counters require a counting gas? and many gases are flammable or 
combustible. Radioactive material present in natural products (e.g., commer- 
cial natural gas) may provide interference for tritium measurements and should 
be accounted for if Used. Air can be added to methane up to 30% by volume at 
a dewpoint of 14°C without truncating the counting plateau to unacceptable 
levels. Dry air may be required where trttium exists as water vapor. The 
high voltage shou7d be stabilized by feedback from a known source for 
unattended operations. 

Radioiodine Monitors. Iodine cartridges used to collect radioiodine may 
be monitored at the collection point with a shielded detector, usually a 
single-channel thallium-activated sodium iodide [NaI(Tl)] detector. Typical 
systems have one or more charcoal cartridges in a series;preceded by an abso- 
lute particulate filter. In-line measurements of low concentrations of radio- 
iodine in air will usually not be feasible because of the presence of other 
radionuclides or radiation fields. Iodine cartridges must be replaced at 
least weekly and the measurements verified by laboratory counting (DOE/ 
EP-0096). Minimum levels of detectability for various iodine isotopes for 
continuous monitors of gaseous effluents must be established for a site, con- 
sidering current state-of-the-art monitoring capabilities. The same general 
specifications given in the preceding discussion of tritium monitors, based on 
the IEC standard, shoold be considered for iodine monitors. Specifications 
for iodine Monitors are as follows: 

l Protection of the detector head from contamination (by the gaseous 
Medium) by an interchangeable thin screen; easy removal of supple- 
mental devices such as temperature sensors, heaters, etc., in the 
inlet for decontamination; and use of construction materials that 
are easily decontaminated or are contamination resistant. 

l Design of collection assembly and detector to minimize the holdup 
of gases. 

l Determination of the characteristics (e.g., collection efficiency, 
retention capacity, delay-time constants) for all media in the col- 
lection train (solid sorbent, absolute particulate filter) for var- 
ious radioactive gases of significance in the gaseous effluents, 
including radon and thoron. 
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. Design of systems such that replacement of sorbent and filter 
should* not disturb the geometry between the collector and 
detectors. 

Noble Gas Monitors. The lower level of detectability specified for 
noble gas monitors &or gaseous effluenfs listed in ANSI N42.18-I974 (R 1980) 
ranges from 5 x IO' Ji/mL to 2 x 10' &i/mL. MDLs must be established for 
a site, considering current state-of-the-art field-monitoring capabilities. 
Flow-through ionization chambers or proportional counters may be used. Usable 
signals from noble gas monitors depend on adequate removal of other radionu- 
elides from the sample stream. 

3.5.8.4 PartSculate Monitors (General) 

The lower level of detectability specified in ANSI N42.18-1974 (R 19&O) 
for raciionuclides 
4 x 10 

thg$ could exist-is particulate form ranges from 
pCi/mL for Mn to 2 x 10 pCi/mL for many of the heavy metals. 

Minimum detection levels must be established for a site, considering current 
state-of-the-art monitoring capabilities. IEC N. 761-4 addresses aerosol 
effluent monitors. Aerosols are defined as suspensions of fine solid or liq- 
uid particles generally in the range of 0.01 pm to a few tenths of a microm- 
eter in diameter. The standard considers gross alpha and gross beta monitors. 

The following instrument characteristics described in the standard 
should be considered: 

l The total equivalent window thickness (mg/cm2) that an ionizing 
particle normally emitted from the surface of the collected aerosol 
will cross to reach the sensttive area of the detector (includes 
distance covered in air plus the window thickness and that of any 
thin, protective screen) 

l The best estimate of the surface emission rate determined from a 
primary or secondary standard or by reference to an instrument that 
has been calibrated against a primary or secondary standard 

l A check source, supplied with the monitor, 
place of the filter in the retention device 

designed to be used in 

l A protective cover over the detector that can be easily exchanged 
from the front of the detector or designed to facilitate decontam- 
ination of the detector head 

l The generaJ monitor concerns for sampling and exhaust piping for 
tritium monitors 

l For alpha monitors. 
surface 

filters that retain the particles on the 

l A filter holder that facilitates decontamination, considers the 
mechanical strength of the filter medium use and pump characteris- 
tics, and minimizes wall deposition 
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. Avoidance of gross nonuniform particle deposition 

l A detector assembly that minimizes the volume of a sample which may 
affect the response of the detector 

l A filter holder design that minimizes in-leakage and internal 
leakage around the filter 

l A filter holder design that permits fast and easy removal 

l A useful detector area approximately equal to that of the particle 
collecting surface 

l A total equivalent window thickness that is less than 2 mg/cm* for 
alpha monitors and is appropriate for the beta spectrum anticipated 
for beta monitors. 

The following methods of discrimination against naturai background 
radiation (radon, thoron, and their decay products) are specified by the 
standard: 

l Delayed measurements after suitable decay of natural radionuclides 

l Energy spectrum analysis (primarily with alpha monitors) 

l Use of other physical properties of natural radionuclides (e.g., 
pseudo-coincidence, particle-size selection) 

l Electronic compensation. 

DOE/W0096 provides additional guidance for specific types of aerosol 
monitors - alpha-emitting transuranics (plutonium), uranium, and other par- 
ticulates. For plutoni urn, the usual counting methods determine a gross alpha 
activity with application of an independent determination of isotopic content. 

3.5.8.5 Transuranic (TRW Radionuclide Monitors 

ANSI N317-1980 covers "performance criteria for instruments used for 
inplant plutonium monitors.R Much of the standard addresses contamination 
survey instrumentation and specifically does not include "personnel dosim- 
eters, effluent monitoring systems, or instruments needed in bioassay pro- 
grams." ANSI N317-1980 also does not "define those requirements which may be 
needed to monitor emergency conditions." 

Fixed Monitorina Instruments. Section 5.2 of ANSI N317-1980 addresses 
fixed monitoring instruments [i.e.. continuous air monitors rxCAMS)], which are 
also used as gaseous effluent monitors. These instruments can be used for 
monitoring TRU emissions. The following specifications must be considered: 

l The establishment of a minimum detection level, based on current 
state-of-the-art field-monitoring capabilities 

3-14 



l An operating range of at least 100 times the minimum detectable 
levels 

6 A maximum error of 220% over the upper 80% of its operating range 

. The measurement repeatability within 210% at the 95% confidence 
level for the midscale or mid-decade reading 

l A response time less than that required to maintain background 
readings within required accuracy 

l Continuous operation within the specified accuracy in relative 
humidities of 40% to 95%. 

l Less than 5% change in calibration with continuous operation at 
ambient pressure and temperature 

. Voltage and frequency variations of 215% of design values resulting 
in reading variations of less than 5% 

l Insensitivity to radio-frequency microwaves associated with power- 
line noise suppression 

l Batteries capable of supplying power for 18 hours of normal opera- 
tions, or 2 hours under alarm conditions 

l A sample transport line designed to meet the requirements cf ANSI 
M13.1-1969 through primary calibration at least once with 
NIST-traceable standards. 

Transuranic Aerosol Effluent Monitor Oesiqn. The IECia) draft standard 
specifically addresses transuranic aerosol effluent monitors. Window thick- 
ness is defined in the same manner as for the aerosol effluent monitors. co1 - 
lection efficiency -is defined as the ratio of concentration represented by the 
collection media to the concentration in air sampled. Two types ,of monitors 
are covered - alpha spectrometers and gross-alpha monitors. 
tions in the IEC draft standard that shautd be considered are 

The specifica- 

l Provide check sources; design to allow the check source to be held 
in the retention device in place of the filter or collection 
medium. 

l Protect the detector assembly or design for easy exchange or 
decontamination. 

ia) Internationai Electrocnemical Commission. 1985 (Draft). "Specific 
Requirements for Transuranic Aerosol Effluent Monitors." In Eauioment 
for Continuously Monitorinq Radioactivitv in Gaseous Effluents, Part C. 
456 (Central Office) 67, Internatianal Electrotechnical Commission, 
Geneva, Switzerland. 
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l Extract under isokinetic conditions; design sample transport lines 
and collection device to prevent particle loss. 

l Hold the sample flow rate to &lo% specified air flow with an error 
no greater than -10% of total air volume sampled. 

l Collect by filtration or impaction: select collection medium that 
minimizes absorption of alpha radiation by the collection medium. 

l Design the filter holder on the mechanical strength of the filter 
and the collection rate needed to achieve the required detection 
levels; filters may be circular, square, or rectangular. 

l Design the monitor to minimize leaks, particularly internal leaks, 
allowing flow to bypass the collection medium. 

l Design the monitor to allow rapid, easy removal of the collection 
medium without significant risk of damage to the detector. 

l Design the monitor to allow complementary laboratory analysis of 
the collection media. 

l Assess the collection efficiency of the retention device over the 
range of 0.01 to 10.0 fl aerodynamic equivalent diameter under nor- 
mal conditions of proposed use. 

l Assess detector characteristics (e.g., effective area, maximum 
total equivalent window thickness, protective coating, variation in 
detector efficiency as a function of energy). 

l For alpha spectrometers, determine the full width at one-half maxi- 
mum energy resolution of the detector to the alpha energy spectrum 
of interest under specific background radiation levels. 

l Design monitors to prevent effects of noxious chemicals and water 
vapor. 

The standard also specifies three acceptable methods of discrimination 
against natural background radiation: 

l Alpha spectroscopy 

l Reduction of interfering radon-thoron decay products by use of 
impaction 

l Delayed measurement. 
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3.5.8.6 Uranium Monitors 

The continuous strip filter counters with'combined alpha and beta count- 
ing ratios can be considered if uranium is the only particulate radionuclide 
present. Gamma spectroscopy is suggested for consideration at high concentra- 
tions. DOE/EP-0096 can provide further guidance. 

3.5.8.7 Particulate Fission and Activation Product Monitors 

Other radionuclides in the form of particulate materials are commonly 
monitored by collection on filters and counted for gross beta activity if the 
identities.and ratios of radionuclides are known (DOE/EP-0096). Shielded beta 
detectors are considerably more practical than gamma detectors, and most 
gamma emitters also emit beta radiation. If measurements of specific, 
emitting radionucfides are required, NaI(Tl), lithium-drifted germanium 

gamma- 

[Ge(Li)], or intrinsic germanium detectors should be used. 

3.6 ALARM LEVELS 

To signal the need for corrective actions that may be necessary to pre- 
vent public or environmental exposures from exceeding the limits or recomnen- 
dations given in DOE 5400.5, when continuous monitoring systems (as required 
by the criteria in Table 3-l) are required, they should* have alarms set to 
provide timely warnings. Gaseous effluents from DOE facilities are predomi- 
nantly from point sources. Often the effluent is treated to control the emis- 
sions of radionuclides to near-background levels of naturally occurring 
airborne radionucfides. However, the cumulative effect of many low-level 
releases may result in impact near the criteria for continuous emission moni- 
toring. Emission sampling is only part of the overall protection system at 
DOE facilities. Environmental sampling and monitoring provide an additional 
level of measurement so that any such releases are detected. 

3.7 0UALIl-Y ASSURANCE 

As they apply to the monitoring of airborne emissions, the general qual- 
ity assurance program provisions discussed in Chapter 10 should* be followed. 
Specific quality assurance requirements for the facility's airborne emission 
monitoring program are to be contained in the Quality Assurance Plan associ- 
ated with the facility. 
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4.0 METEOROLOGICAL MONITORING 

Environmental protection activities, including the assessment of impacts 
of planned and unplanned airborne releases on public health and safety and the 
demonstration of compliance with applicable federal, State, and local laws, 
regulations, and Orders, require meteor a gical 
conditions at DOE facilities (sources). PC3 

information representative of 
This information is needed to 

assess the transport, diffusion, and deposition of materials released to the 
atmosphere by a DOE facility. 
mental monitoring networks. 

It is also important in the design of environ- 

Each DOE site (facility)ta) shou7d* establish a meteorological monitor- 
ing program that is appropriate to the activities at the site, the topograph- 
ical characteristics of the site, and the distance to critical receptors. The 
scope of the program shou7d* be based on an evaluation of the regulatory 
requirements, meteorologica'i data needed for impact assessments, environmental 
surveillance activities, and emergency response. For each site, the factors 
considered should include the following: the magnitude of potential source 
terms, possible pathways to the atmosphere, distances from release points to 
critical receptors, and proximity of the site to other DOE facilities. The 
site's meteorological program shou7d* be documented in a meteorological moni- 
toring section of the Environmental Monitoring Plan (DDE 5400.1). 

The type of meteorological information required by DOE facilities is not 
explicitly stated in laws, regulations, or DOE Orders. However, there is 
implicit recognition in regulations and directives of the type of information 
required. Meteorological considerations, which characterize atmospheric dis- 
persion conditions, are an integral .part of the dose assessment capabilities 
for both planned and unplanned releases. For example, 40 CFR Part 61.93, 
"National Emission Standards for Hazardous Air Pollutants; Standards for Radi- 
onuclides," states in part: 

Compliance with this standard will be determined by calculating the dose 
to members of the public at the point of maximum annual air concentration 
in an unrestricted area where any member of the public resides or abides. 

In general, DOE sites will be required to have onsite measurements of 
wind direction, wind speed, and atmospheric stabilfty available to evaluate 
atmospheric dispersion in the vicinity of facilities and to perform the 
required dose calculations specified in 40 CFR Part 61. Large, multifacility 
sites and those sites where one monitoring site location is inadequate to 
represent atmospheric conditions for transport and diffusion computations are 
required to establish monitoring programs that include additional meteorolog- 
ical measurements and measurements at more than one location to adequately 
evaluate transport and diffusion of effluents. This section provides guidance 
in selection and operation of meteorological instrumentation 20 obtain the 
required information. 

(a) DOE usage of the terms "site" and "facility" is considered equivalent to 
40 CFR Part 61 usdge of the terms "facility" and "source." 

4-1 



Some sites may choose to establish a meteorological program that makes 
use of meteorological measurements obtained from offsite sources such as the 
National Weather Service. For data from an offsite source to be acceptable, 
the data should* be representative of conditions at the DOE facility and pro- 
vide statistically valid data consistent with onsite monitcrlng requirements. 
A determination of the acceptability of offsite data should be made by a 
qualified meteorologist. 

Specific meteorological information requirements for each facility 
should* be based on the magnitude of potential source terms, the nature of 
potential releases from the facility, possible pathways to the atmosphere, 
distances from release points to critical receptors, and the proximity of 
other DOE facilities. Dose assessment includes estimation of the transport, 
diffusion, and deposition of material released to the atmosphere. Methods 
that are appropriate for estimating transport and diffusion at a facility 
depend on the type, size, and location of the facility. 

Meteorological information requirements for facilities should* be suffi- 
cient to support environmental monitorjng and surveillance programs. For 
example, meteorological information is required in the selection of locations 
for monitoring stations if monitoring is to take place at the projected points 
of maximum impact of a facility. The EPA (EPA-450/278-027R) provides useful 
guidance for the selection or prediction of the point or points of maximum 
impact. 

The meteorological monitoring program requirements that need to be incor- 
porated into the radiological effluent monitoring and environmental surveil- 
lance programs at a DOE site are presented in the summary. 

4.1 METEOROLOGICAL PROGRAM BASIS 

The principal use of meteorological data at DOE sites is to characterize 
atmospheric dispersion conditions. Such characterization is necessary to 
assess 

l potential consequences of radiological releases from projected new 
or modified facilities - 

l consequences of actual routine radiological releases from existing 
facilities to demonstrate compliance with applicable regulations and 
standards 

. consequences of actual accidental radiological releases. 

4.1.1 Calculations for Dose Assessment 

Atmospheric dispersion calculations used for dose assessment vary in 
sophistication and complexity from relatively simple computations to exten- 
sive computations that require the use of computers. Sfmilarly, the meteoro- 
logical data required for the calculations range from essentially none, for 
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some of the simple techniques, to extensive data sets for some of the 
computer-intensive techniques. Use of the AIRDOS-EPA model currently referred 
to as CAP-88 or an EPA-approved alternative (40 CFR Part 61.93) is required to 
demonstrate compliance with 40 CFR Part 61. The meteorological input to the 
AIRBOS-EPA model includes the joint-frequency distribution of wind direction 
and atmospheric stability, and an average wind speed for each combination of 
wind direction and stability. The model also requires an average mixing- 
layer depth and an average temperature. 

4.1.2 Calculated Atmosnheric Transoort and Diffusion 

The meteorological monitoring program for each DOE site should* provide 
the data for use in atmospheric transport and diffusion computations that are 
appropriate for the site and application. Before any model is deemed appro- 
priate for a specific application, the assumptions upon which the model is 
based shou7d* be evaluated and the evaluation results documented. For exam- 
pTe, assumptions that are reasonable in models used to demonstrate compliance 
with annual average concentration standards might not be reasonable in models 
used for emergency-response applications. 

Use of simple compliance assessment techniques (NCRP Commentary 31, which 
are based'on conservative assumptions and use little or no meteorological 
data, could be sufficient for some DOE sites. Meteorological programs for 
sites where onsite meteorological measurements are not required shou7d* 
include a description of climatology in the vicinity of the site and shouId* 
provide ready access to representative meteorological data. Data from offsite 
sources, such as the National Weather Service, the Federal Aviation Admini- 
stration, or military installations, can be used in these situations if the 
meteorological instruments are well-maintained and the data are readily avail- 
able and representative of conditions at the site. 

4.1.3 U 0 .se 

As the maximum magnitude of potential releases from a facility increases, 
the use of more realistic models is necessary to assess the consequences of 
the releases or demonstrate compliance with .laws, regulations, and Orders. 
Potential release modes, distances from release points to receptors, and mete- 
orological conditions shou7P be considered in assessments for DOE facilities 
required to take onsite measurements. Computational techniques based on 
straight-line Gaussian models [e.g., AIRDOS-EPA (EPA 520/l-79-009)] are appro- 
priate for facilities that are located in simple topographic settings. 
Straight-line Gaussian models are described in detail in many reports, includ- 
ing two in fleteoroloav and Atomic berav - I968 (Gifford .I968; Slade 19681, 
three in Atmospheric Scienc and Power P duction (Barr and Clements 1984; 
Randerson 1984a,b), and oneein GENII (Nailer et al. 1988) As a minimum, these 
models require specification of wind direction, wind speed, and atmospheric 
stabillty. They may require the specification of mixing-layer thickness. If 
the models estimate deposition, they could require information on precipi- 
tation, and if the models compute plume rise for stack releases, the ambient 
air temperature could be required, Where appropriate, onsite measurements 
(e.g., tracer gas studies) could be used to help model atmospheric transport 
and diffusion and could also aid in model selection. 
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Straight-line Gaussian models are not appropriate for facilities that are 
located in valleys, near coasts or mountains, and on large sites. In these 
settings, strictly applied straight-line Gaussian models could underestimate 
the consequences of a release, 
significant consequences occur. 

as well as incorrectly identify locations where 

assessments in these settings. 
Trajectory models provide more realistic 

If AIRDDS-EPA or another EPA-approved 
straight-line model is used to demonstrate compliance with 40 CFR Part 61.93 
for a facility located in complex terrain, an additiona dose assessment 
should be made using a procedure that realistically accounts for temporal and 
spatial variations in atmospheric conditions and release rates. 

Trajectory models (NUREG/CR-0523; EPA-600/8-84-207; EPA-600/8-86-024; 
NUREG/CR-3344; NUREG/CR-4000) treat atmospheric transport and diffusion as 
separate processes. This additional complexity is necessary to consider spa- 
tial and temporal variations of the atmosphere. These models generaily 
require the same types of meteorological data as the straight-line models. 
However, to make full use of their capabilities to characterize spatial varia- 
tions, use of meteorological data from more than one location is necessary. 
In addition, input to trajectory models is generally a series of hourly mete- 
orological observations that include wind direction and speed, stability, tem- 
perature, and mixing-layer depth, rather than sets of frequency distributions. 

4.2 DIFFUSION COEFFICIENTS 

Gaussian straight-line and trajectory models make use of diffusion coef- 
ficients (commonly referred to as Q 
These coefficients are generally es r 

and 0~) to describe the spread of plumes. 
imated on the basis of an atmospheric 

stability class and the distance the material has traveled since its release. 
The turbulence that causes diffusion is related to atmospheric stability; sta- 
bility classes are used to permit climatological summarization of data. 
Gifford (1976) discusses various methods for determining diffusion 
coefficients. 

4.2.1 Stabilitv Estimation 

Routine meteorological measurements by the National Weather Service and 
other organizations typically do not include the direct measurement of atmos- 
pheric stability or the determination of stability classes. Instead, a method 
of estimating stability classes based on wind speed and cloud cover (Gifford 
1961; Pasquill 1961; Turner 1964; PHS Publication 999-AP-26) can be used to 
estimate stability classes from routine National Weather Service meteorolog- 
;* ,l observations. The meteorological data required include cloud cover, 

: ling height, and wind speed. 

4.2.2 Methods of Determinino Stabilitv Class 

Common methods of determining stability class from onsite meteorological 
measurements include the use of vertical temperature gradient, standard devi- 
ation of the wind direction (me), and the standard deviation of the elevation 
angle of the wind (~4). The methods using the temperature gradient and 08 are 
described in the American National Standards Institute's ANSI/ANS-2.5-1984 and 
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NRC Regulatory Guide 1.23. Irwin (1980) discusses the oe and 06 methods and 
presents a method that uses both oe and wind speed. This method is described 
in the EPA air quality modeling guidelines (EPA-450/2-78-027R). 

4.2.3 EPA-Preferred Methods 

The method of estimating stability classes described by PHS Publication 
999-AP-26, used with onsite data, is preferred by the EPA (EPA-450/2-78-027R) 
for air quality modeling. If the data required by this method are not avail- 
able, the EPA order of preference is 1) the .+ method using onsite data; 
2) the ae wind-speed method using onsite data; and 3) the Turner method using 
onsite wind speed, and cloud cover and ceiling height from a nearby, repre- 
sentative National Weather Service site. The temperature gradient method of 
determining stability class has been held by ANSI and the NRC to be accept- 
able for estimating both the horizontal and vertical diffusion coefficients, 
while the 08 method has been held to be acceptable only for estimating the 
horizontal diffusion coefficient. 

4.2.4 Atmosuheric Turbulence Measurements 

Numerous studies (NUREG/CR-0798; Lague et al. 1980; ialas et al. 1979; 
Luna and Church 1972; Mitchell 1982; Sedefian and Bennett 1980: Skaggs and 
Robinson 1976; Weil 1979) have compared methods of determining stability 
classes. When hourly data are examined, the results of the various methods 
are not highly correlated. Consequently, the use of stability classes should 
be avoided when assessing the effects of short duration releases that take 
place at a known time. Diffusion coefficients for this application can be 
estimated directly from atmospheric turbulence measurements (Hanna et al 
1977; Irwin 1983; Pasquill 1979; Ramsdell et al. 1982). Turbulence data 
estimating the horizontal diffusion coefficient can be obtained from the 
sensors used for wind direction and speed measurements with additional s 
processing. Obtaining turbulence data for estimating vertical diffusion 
ficients generally requires special but readily available sensors. 

'for 
same 

ignal 
coef- 

4.3 PLUME RISE AND BUILDING WAKES 

Evaluation of the consequences of releases through free-standing stacks 
may include consideration of the.effective plume rise due to momentum and 
buoyancy. Generally accepted methods for estimating plume rise are described 
by Briggs (I984), although EPA models estimate plume rise using earlier meth- 
ods developed by Briggs and others (EPA-450/2-78-027R). Estimation of plume 
rise requires air temperature and wind speed at release height, vertical tem- 
perature gradient, and an estimate of the mixing-layer thickness. It also 
requires information on the stack dimensions, stack flow, and effluent temper- 
ature. Basic straight-line and trajectory plume models assume (except in com- 
putation of plume rise) that material is released from a point source. When 
it is necessary to evaluate the consequences of a release on receptors near 
the release point, the basic models shou7d be modified to account for devia- 
tions from this assumption. Diffusion in the vicinity of buildings and other 
obstacles may result in the need for model modification to account for wake 
effects. Wake effects are discussed by Hosker (1984) and EPA-450/4-86/005a. 
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For ground-level releases, the standard modifications increase the diffusion 
coefficients on the basis of dimensions of the structure. For elevated 
releases, the modifications adjust the height of release based on the ratio 
between the initial vertical velocity of the effluent and the wind speed at 
release height. 

4.4 METEOROLOGICAL MEASUREMENTS 

Meteorological measurements should* be made in locations that, to the 
extent practicable, provide data representative of the atmospheric conditions 
into which material will be released and transported. A meteorologist or 
other atmospheric scientist with experience in atmospheric dispersion and 
meteorological instrumentation should be consulted in determining whether 
onsite data are required and, if so, in selecting measurement locations and in 
the design and installation of the meteorological measurement system. Factors 
to be considered in selecting measurement locations and installation of the 
instruments include the prevailing wind direction, topography, and obstruc- 
tions. Also, any special meteorological monitoring requirements imposed by 
other agencies (outside the DOE} should be taken into consideration when 
designing meteorological measurement systems and establishing measurement 
locations. The instruments used in the monitoring program shou7d* be capable 
of continuous operation in the expected range of atmospheric conditions at the 
facility. The frequency of thunderstorms, icing, or other chemical or physi- 
cal agents that may cause damage or deteriorate performance shou7d be consid- 
ered in selecting specific sensors and designing the sensor installation. AR 
uninterruptable power supply shou7d be included in the system, and an alter- 
nate source of power shou7d be available. 

4.4.1 Location of Meteorolosical Measurements 

Wind measurements should* be made at a sufficient number of heights to 
adequately characterize the wind at potential release heights. In general, 
wind measurements should be made at a height of IO m. If a vertical tempera- 
ture difference is used to characterize atmospheric stability, the temperature 
difference should be determined over an interval of sufficient thickness to 
allow adequate determination of accepted stability classes. A 50-m thickness 
has been held acceptable (ANSI/ANS-2.5-1984; NRC Regulatory Guide 1.23) for 
this purpose. For surface releases, ANSI (ANSI/ANS-2.5-1984) and the NRC 
(Regulatory Guide 1.23) recommend a measurement of the temperature difference 
between IO and 60 m. If releases are to be made through stacks that are 
taller than 60 m, ANSI and the NRC suggest that the temperature difference 
between the release height and the 10-m height be determined. Other necessary 
meteorological measurements shou7d be made using standard instrumentation in 
accordance with accepted procedures. Standard meteorological measurement 
techniques are described by Mason and Moses (19841, and accepted orocedures 
are outlined in ANSI/ANS-2.5-1984. 

4.4.2 Instrument Mountinq 

Wind and temperature instruments mounted on towers may be placed on top 
of the towers or on booms extending to the side of the towers. Instruments 
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mounted above a tower shou7d be mounted on a mast extending at least one tower 
diameter above the tower. If instruments are mounted on booms extending to 
the side of a tower, the booms should* be oriented in directions that minimize 
the potential effects of the tower on the measurements. Instruments mounted 
on booms shou7d* be at least two tower diameters from the tower, but should be 
positioned three to four tower diameters from the tower. The orientation of 
booms for wind instruments shou7d be determined after considering the frequen- 
cies of all wind directions. Orientation of the booms on the basis of only 
the prevailing direction might not minimize tower effects. In some locations, 
placement of wind instruments on opposite sides of the tower could be neces- 
sary to obtain reliable wind data for all wind directions. Temperature sen- 
sors should be placed in aspirated radiation shields, and the shields should 
be oriented to minimize effects of direct and reflected solar radiation. 

4.4.3 Measurement Recordinq Svstems 

The onsite meteorological measurement system should include two separate 
data-recording systems, and at least one of the systems shou7d be digitally 
controlled. The other recording system may be digital or analog. In addi- 
tion, the output of the instruments shou7d be displayed in a location where 
instrument performance can be monitored on a regular basis. Digitally 
recorded data, except for 08 and precipitation, shou7d be averaged over at 
least 30 samples taken at intervals not to exceed 60 seconds. The time period 
represented by the averages shou7d not be less than 15 minutes. A minimum of 
180 instantaneousawind direction samples are required for estimation of 48 and 
04. If strip charts are used as one of the recording systems, continuous- 
trace strip charts shou3d be used for wind data; multipoint strip-chart 
recorders may be used for the remaining data. If properly located, the strip 
charts may be used for the data displays. 

4.5 MEASUREMENT SYSTEM ACCURACY 

The accuracies of the monitoring measurements should be consistent with 
the specifications set forth in either ANSI/ANS-2.5-1984, the version of ANSI/ 
ANS-2.5 that is current when the monitoring system is designed, or guidance 
provided by the EPA if EPA guidance recommends more stringent specifications. 
System accuracy standards for digitally recorded data and instrument specifi- 
cations contained in ANSI/ANS-2.5-1984 include the following: 

Wind direction 

Wind speed 

Temperature 

Temperature 
difference 

*So in azimuth with a starting threshold of 
0.45 m/set (I mph). If the sensor is to be used to 
determine ~8, the damping ratio must be between 0.4 
and 0.6, and the delay distance must not exceed 2 M. 

$0.22 m/set (0.5 mph) for speeds less than 2.2 m/set 
(5 mph); within la for speeds of 2.2 m/set or 
greater, starting speed of less than a.45 m/set. 

20.5%. 

cO.l5*C/50 m. 
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Precipitation 

Time 

20.25 mm (0.01 in.) resolution, and within IO% for 
totals greater than 5 mm (0.2 in.).. 

25 min. 

For analog data-recording systems, the allowable error limits for wind 
direction and speed are increased by 50%, and the acceptable error in time is 
increased to IO minutes. 

4.6 INSPECTION, MAINTENANCE, AND CALIBRATION 

The meteorological monitoring program should* provide for routine 
inspection of the data and scheduled maintenance and calibration of the mete- 
orological instrumentation and data-acquisition system at a minimum, based on 
the calibration frequency recommendations of the manufacturers. Inspections, 
maintenance, and calibrations shou7d* be conducted in accordance with written 
procedures, and logs of the inspections, maintenance, and calibrations should* 
be kept and maintained as permanent records. All systems shou7d be calibrated 
semiannually, unless system performance indicates that more frequent calibra- 
tions are necessary. The instrument system should* provide data recovery of 
at least 90% on an annual basis for wind direction, wind speed, those param- 
eters necessary to classify atmospheric stability, and other meteorological 
elements required for dose assessment. Data recovery rates for other meteoro- 
logical elements shou7d be 90% on an annual basis. 

4.7 SUPPLEMENTARY INSTRUMENTATION 

The topographic setting of a facility and the distances from the facil- 
ity to points of public access shou7d* be considered when evaluating the need 
for supplementary instrumentation. If meteorological measurements at a single 
location cannot adequately represent atmospheric conditions for transport and 
diffusion computations, supplementary measurements shouTd* be made. Full 
meteorological instrumentation is not required at a supplementary location. 
Supplementary instruments need measure only those elements that have signifi- 
cant spatial variation. 

4.8 LARGE-SITE (MULTIFACILITY INSTALLATION] METEOROLOGICAL PROGRAMS 

Many DDE facilities are located on large multifacility sites (e.g., 
Savannah River Laboratory, Oak Ridge National Laboratory, Idaho National Engi- 
neering Laboratory, and Hanford Site). These sites cover many square miles. 
As a result, spatial variations in meteorological conditions must be consid- 
ered in evaluating transport and diffusion between the facilities and points 
of public access. A site-wide meteorological monitoring program should* be 
established at each multifacility site to provide a comprehensive data base 
that can be used for all facilities located within the site. It is not nec- 
essary to establish a meteorological program for each individual facility. 
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Consequence assessments can be made for individual facilities using facility- 
specific source term and release characteristics and a common data base for 
the transport and diffusion analysis. 

4.9 DATA SUMMARIZATION AND ARCHIVING 

Data used in dose assessments shculd be collected as 15-minute averages 
for use in emergency response applications. The 15-minute averages can be 
combined into hourly averages for use in consequence assessments. The 
15-minute data should remain readily available in a temporary archive for at 
least 24 hours. Then either the I5-minute or hourly averages shou7d be stored 
for entry into a permanent archive and climatological summarization. These 
data should be examined and entered into the permanent archive at least 
monthly. Storage of the 15-minute or hourly data is necessary to develop an 
adequate data base for use with new assessment tools as they are developed. 
More frequent examination of the hourly data to detect problems in meteoro- 
logical instrumentation or in the data acquisition system is recommended, 
Further guidance in meteorological data collection, processing, and archiving 
is presented by Crutcher (1984) and in various EPA documents (e.g., EPA-450/ 
2-78-027R: Finkelstein et al. 1983). 

4.10 METEOROLOGICAL DATA PROCESSING 

Designing environmental surveillance programs, establishing compliance 
with regulations, and analyzing the consequences of potential or actual 
releases require information on a common set of meteorological elements. 
Typically these elements are wind direction, wind speed, air temperature and 
temperature gradient, and mixing-layer thickness. Although the individual 
applications could require data for a common set of meteorological elements, 
the format in which the data are required will vary by application and assess- 
ment procedure. 

4.10.1 Routine Releases 

Assessment of potential consequences of routine radiological releases 
from projected new or modified facilities should be based on climatological 
data because the meteorological conditions at the time of release are unknown. 
If the postulated release is continuous, the analyses should be made using a 
joint frequency distribution of wind direction, wind speed, and atmospheric 
stability bas'ed on data from at least one annual cycle. When possible, the 
frequency distributions should be based on 5 or more years of data. This 
approach could also be used for intermittent releases if the releases occur 
randomly and with sufficient frequency to make the use of an annual-frequency 
distribution appropriate. 

Assessments of the consequences of routine releases from existing facil- 
ities and demonstrations of compliance can also be made using climatological 
summaries, provided that a straight-line model is appropriate. Climatological 
summaries used in the evaluation of consequences of an actual release shorrid 
be based on hourly data for the specific period of the release. For example, 
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if a continuous release occurs from May 15 through June 26, the joint- 
frequency distribution shoufd be based on the meteorological observations dur- 
ing that period. Where straight-line models are inappropriate, consequence 
assessments for routine releases and demonstrations of compliance should be 
made using a time series of hourly averaged data. These time series should 
include all supplementary data required to account for spatial as well as tem- 
poral variations in atmospheric conditions. 

4.10.2 Accidental Releases IOff-Normal, Unusual Occurrence, or Emeraencvl 

Consequence analyses for postulated accidental releases shcold be made 
for each downwind direction using conservative meteorological assumptions for 
each release scenario. For a ground-level release, these assumptions should 
include a low wind speed and stable atmospheric conditions; for elevated 
releases, a range of conditions should be evaluated because a moderate wind 
speed and neutral atmospheric conditions may be more conservative than a low 
wind speed and stable conditions. Straight-line Gaussian models could be 
appropriate for assessment of some postulated releases. Trajectory models 
could also be used if adequate data are available. The joint-frequency dis- 
tribution and choices of meteorological conditions for the accident analyses 
shou7d be based on a minimum of 2 years of hourly averaged data. However, if 
offsite data are used, the analyses may be based on 2 or more years of hourly 
observations made with well-maintained instrumentation. 

Consequence assessments during the course of an emergency shou7d be 
based on time series of actual and forecast atmospheric.conditions. blhen nec- 
essary, data shou7d be included in the time series to represent spatfal varia- 
tions in the atmospheric conditions. An averaging interval of 15 minutes has 
been accepted by the NRC as appropriate for data used in emergency response 
applications. This interval is consistent wfth the averaging interval speci- 
fication in ANSI/ANS-2.5-1984. Instantaneous observations are too variable to 
be used with confidence, and hourly averaged values do not reflect changes in 
conditions in a timely manner for emergency response applications. 

4.10.3 Data Needs 

Assessment procedures have varying meteorological data needs and a pre- 
cise format in which the meteorological data must be entered. The data needs 
and format for AIRDOS-EPA are set forth in EPA 520/l-79-009. Data needs for 
other EPA models are set forth in the individual documentation of the specific 
models and are summarized in EPA-450/2-78-027R. In addition to EPA models, 
there are DOE, NRC, and proprietary models that might be appropriate for con- 
sequence assessments. Data requirements for these models must be determined 
from mode7 documentation. 

4.11 3UALITY ASSURANCE 

As they apply to meteorological monitoring, the general quality assur- 
ance program provisions described in Chapter 10 should* be followed. Specific 
quality assurance activity requirements for the facility's meteorological mon- 
itoring program, sufficient to provide acceptable data recovery and accuracy, 
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are to be contained in the Quality Assurance Plan associated with the facil- 
ity. Guidance in quality assurance related to meteorological measurements and 
meteorological data processing may be found in Finkelstein et al. (1983). 
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5.0 ENVIRONMENTAL SURVEILLANCE 

An evaluation should* be conducted and used as the basis for establishing 
an environmental surveillance program for al? DOE-controlled sites. The pur- 
pose of the surveillance program is to characterize radiological conditions of 
the offsite environs and. if appropriate, estimate public doses related to 
these conditions, confirm predictions of public dose based on effluent moni- 
toring data, and, where appropriate, to provide compliance data for all appli- 
cable environmental regulations. The extent of each environmenta? survei'l- 
lance program is to be determined by the responsible DOE field organization, 
based on the applicable regulations, the hazard potential of the effluents, 
the quantities and concentrations of effluents, the specific public interest, 
and the nature of potential or actual impacts on air, land, biota, and water. 
The results of this evaluation should* be documented in the site Environmental 
Monitoring Plan (as required by DOE 5400.1) to show 

l Environmental measurement and sampling locations used for determin- 
ing ambient environmental levels resulting from facility operations 

l Procedures and equipment needed to perform the measurement and 
sampling 

l Frequency and analyses required for each measurement and sampling 
location 

l Minimum detection level and accuracy 

l Quality assurance components 

l Investigation and alarm levels. 

The environmental surveillance program for DOE-controlled sites shou?d* 
be conducted in accordance with the requirements of DDE 5400.1 and DOE 5400.5. 
As appropriate, component systems may be grouped and standard procedures 
referenced. 

5.1 SUMMARY OF GENERAL CRITERIA AND SURVEILLANCE REDUIREMENTS 

The criteria for environmental surveillance programs (listed in 
Table 5-l) shou?cf* be used for establishing the environmental surveillance 
program for DDE-controlled sites. Any additional site-specific criteria 
shou?d* be documented in the site Environmental Monitoring Plan. The criteria 
in Table 5-1 are based in part on the projected effective dose equivalent (by 
exposure mode) in a year to members of the public (in mrem) or to the popula- 
tion (in person-rem). In addition to meeting the minimal requirements, envi- 
ronmental monitoring and surveillance may be necessary for other reasons, 
including legal, public relations, and State/local commitments. 
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JABLE.54. 

TODi C 

Routine Surveillance 
of All Pathways 
(Ingestion, Inhala- 
tion, and Immersion 
and Submersion Doses) 

Periodic Confirmation 

Pathway Measurements 

Use of Control Data 

Unplanned Releases 

Minimum Criteria for Determining Need for 
Environmental Surveillance 

When feasible, al1 environmental media that, as 
determined by site-specific radiation exposure 
pathway analysis, might lead to a measurable annual 
dose of site origin at the site boundary shou7d* be 
routinely sampled and analyzed (for the critical 
radionuclides to dose) and routine measurements of 
penetrating radiation shou?d* be performed at those 
sites that, as determined by site-specific exposure 
pathway analysis, might result in an annual dose of 
site origin at the site boundary, if the total 
exceeds 

a) 5 mrem effective dose equivalent; or 

b) I00 person-rem collective effective 
dose equivalent within a radius of 
80 km of a central point in the site. 

Environmental surveillance measurements may be 
performed periodically, but should* be performed at 
least every five years, to confirm the low dose 
levels, if the projected annual effective dose 
equivalent of site origin is 40.1 mrem. The fre- 
quency and magnitude of environmental surveillance 
shou7d be proportional to the potential annual 
dose, Where potential annual dose represents a 
significant fraction of the reference dose for 
routine surveillance, environmental sampling shouJd 
be more frequent. At 20% of the reference dose 
[e.g., 1 mrem (EDE) from emissions during a year], 
annual surveillance for confirmation shou7d be 
considered. 

Actual measurements on two media for each critical 
radionuclide/pathway combination, one of which 
might be the effluent stream, should* be performed 
as part of the site routine effluent monitoring and 
environmental surveillance program. 

Use of data should* be based on statistically sig- 
nificant differences between the point of meas- 
urement and background (or control) data. 

Provisions should* be made, as appropriate, for the 
detection and quantification of unplanned releases 
of radionuclides to the environment. 
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5.1.1 Evaluation of Need 

The need for environmental sampling and analysis shou?d* be evaluated, by 
exposure pathway analysis, for each site radionuclide effluent or emission 
(liquid or airborne). This analysis with appropriate data, references, and 
site-specific assumptions, along with site-specific criteria for selection of 
samples, measurements, instrumentation, equipment, and sampling or measure- 
ment locations should* be documentea in the site Environmenta; Monitoring 
Plan. Planning for environmental surveillance programs should be based on 
expected releases, considering all operating controls on liquid effluents and 
airborne emissions. If actual releases are significantly greater than 
expected, or if unplanned or accidental releases occur, environmental surveil- 
lance needs shou7d be re-evaluated based on the actual releases. A critical 
pathway analysis (radionuclidejmedia) shou7d* be performed, documented, and 
referenced in the Annual Site Environmental Report. If the projected dose 
equivalent from inhalation of particulates exceeds the criteria of Table 5-1, 
particle-size analysis of the emission should* be conducted at least annually. 
In addition, the lung solubility class that is assumed for the particulates in 
question should be justified and it shou7d be resubstantiated on an annual 
basis if it is likely to vary with changing facility operations. If environ- 
mental surveillance data are to be used with (or in place of) effluent moni- 
toring and modeling to support the assessment and demonstration of compliance 
with such regulations as 40 CFR Part 61, the special requirements of those 
regulations must be considered in the planning and implementation of the sur- 
veillance system (see Table 3-l). 

5.1.2 Emerqencv Monitorinq Provisions 

Although emergency monitoring is beyond the scope of this guide, provi- 
sions for environmental monitoring during an emergency situation should be 
considered when determining routine program needs. Emergency environmental 
monitoring systems and procedures are specified in the emergency response plan 
in effect for the facility/site. Further provisions should* be made, as 
appropriate, for the detection and quantification of unplanned releases of 
radionuclides to the environment, including radionuclides that may be trans- 
ported by stormwater runoff, flooding, or resuspension of ground-deposited 
material. 

5.2 PERFORMANCE REQUIREMENTS FOR ENVIRONMENTAL SURVEILLANCE PROGRAMS 

For all new or modified facilities coming on-line, a preoperational 
assessment shou?d* be made and documented in the site Environmental Monitoring 
Plan to determine the types and quantities of effluents to be expected from 
the facility and to establish the associated environmental surveillance pro- 
gram. Calibration of dosimeters and exposure-rate instruments should* be 

ka 
sed on 

f5$ ceabilfty to NIST standards. The most commonly used sources are 
Co and Cs. Where significant variations in effluent reieases are 

observed or expected, environmental sampling or measurements should be either 
continuous or at an interval less than one-half the expected oeak-to-peak 
intervai. Gross radioactivity analyses should* be used only as trend indi- 
cators, unless documented supporting analyses provide a reliable relationship 
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to specific radionuclide concentrations or doses- The overall accuracy (k% 
accuracy) shou?d+ be estimated, and the approximate Environmental Detection 
Limit at a specified % confidence level for environmental measurements for 
beta-gamas, alphas, and neutrons shou?d* be determined and the two levels 
documented in the site Environmental Monitoring Plan. Sample preservation 
methods should* be consistent with the analytical procedures used. All envi- 
ronmental surveillance techniques shao?d* be designed to take a representative 
sample or measurement of the important radiation exposure pathway media. 

5.2.1 Snecific Performance Reauirements 

Sampling or measurement frequencies for each significant radionuclide or 
environmental medium combination (e.g., those that contribute 10% or more to 
offsite dose greater than 0.1 mrem EDE from emissions in a year) should* take 
into account the half-life of the radionuclfdes to be measured and shou?d* be 
documented in the site Environmental Monitoring Plan. A good rule to follow 
when considering short-half-life radionuclides is that the sampling and meas- 
urement intervals shou7d not exceed twice the half-life of the radionuclide. 
"Background" or "control" location measurements shou?d* be made for every sig- 
nificant radionuclide and pathway combination (e.g., those that contribute 10% 
or more to offsite dose greater than 0.1 mrem EDE from emissions in a year) 
for which environmental measurements are used in the dose calculations. An 
annual review of the radionuclide composition of effluents or emissions 
should* be made and compared with those used to establish the site Environ- 
mental ffonitoring Plan. Any deviations from routine environmental surveil- 
lance requirements, including sampling or measurement station placement, 
should* be documented in an approved revised site Environmental Monitoring 
Plan. 

5.2.2 Air Samplinq Svstems 

The air sampling rate shou?d* not vary by more than a20X and total air 
flow or total running time shou7d* be indicated; air sampling systems should* 
be leak-tested, flow-calibrated, and tested and inspected on a routine basis 
at a minimum, using the calibration frequency recommendations of the equipment 
manufacturers. 

5.2.3 Consultation with Game Officials 

State and local game officials shou7d* be consulted when selecting 
appropriate protected species to sample. 

5.2.4 Consultation with State and Rectional EPA Offices 

DOE Operations Offices and contractor staff should* ensure that ground- 
water monitoring plans are consistent wfth State and regional EPA ground- 
water monitoring requirements under RCRA and CERCLA, to avoid unnecessary 
duplication. DOE Operations Offices and contractor staff should* consult with 
State and regional EPA personnel as needed to ensure that the requirements are 
incorporated into the Radiological Monitoring Plan. 
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5.3 DESIGN CRTTERIA 

It is important that overall objectives for environmental monitoring 
programs be established and documented. It is also important that the 
environmental surveillance program be reviewed periodically and modified as 
program needs change. The general design criteria for establishing an envi- 
ronmental surveillance program for radioactive materials released in the 
effluents or emissions from DOE-controlled facilities are discussed in the 
following subparagraphs. 

5.3.1 Environmental Surveillance Prooram Obiectives 

As required by DOE 5400.1 and DOE 5400.5, the environmental programs 
conducted at all DOE sites must determine 

1) Compliance with all applicable environmental quality standards and 
public exposure limits; the requirements of DOE 5400.1 and 
DOE 5400.5; and environmental commitments made in Environmental 
Impact Statements, Environmental Assessments, or other official DOE 
documents 

2) The background levels and site contributions of radioactive mate- 
rials in the environment 

3) The effectiveness of effluent treatment and controls in reducing 
effluents and .emissions 

4) The validity and effectiveness of models to predict the concen- 
tration of pollutants in the environment 

5) The long-term buildup and prediction of environmental trends from 
site-released radioactive material 

6) The detection and quantification of unplanned releases. 

In addition to determining the need for an environmental surveillance 
program based on the objectives noted above, certain subsidiary objectives 
shou7d also be considered. For example, site history and current public 
interests might indicate the need for an environmental surveillance program 
that examines specific aspects of a sitels environmental impact, even when no 
other need is indicated. The following is a partial list of subsidiary objec- 
tives, as provided in ICRP Publication 43, that should be considered when 
establishing environmental surveillance program objectives: 

l The environmental surveillance program shou7d provide information 
to the public. 

l The program should be capable of distinguishing site radiation con- 
tributions from other local sources (natural or manufactured). 

l The program shou7d be capable of obtaining data that may be 
required to assess the consequences of an accident. 
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l The program shoo7d be capable of identifying changes in relative 
importance 0.f transfer parameters. 

5.3.2 Prooram Plannina and Desian 

Factors that affect the relative level of environmental surveillance, 
and to some extent the points at which measurements are to be made, include 
1) the potential hazard of the materials released, considering both expected 
quantities (including unplanned releases) and relative radiotoxicities; 2) the 
extent to which facility operations are routine and unchanging; 3) the need 
for supplementing and complementing effluent monitoring; 4) the size and dis- 
tribution of the exposed population; 5) the cost effectiveness of modifica- 
tions to the environmental surveillance program; and 6) the availability of 
measurement techniques that provide sufficiently sensitive comparisons with 
the applicable standard and "background" measurements. 

The environmental surveillance media sampled or radiation measurements 
made should represent, as much as possible, the actual exposure vectors to 
people. Selection of locations, frequency, media and radionuclides to be 
measured, and measurement techniques are the basis of an environmental sur- 
veillance program. This program must also include any special monitoring 
requirements, such as trend indicators and additional samples/measurements 
required for quality assurance. The effort devoted to the environmental sur- 
veillance program shou’ld reflect the significance of the radiation doses 
projected. 

Once the critical pathways and nuclides are identified (i.e., a critical 
pathway analysis procedure is carried out), an annual review comparing 
reported effluent releases with those considered in the original analysis 
shou7d be conducted and changes in the environmental surveillance program 
noted in a revised Environmental Monitoring Plan and discussed in the Annual 
Site Environmental Report. 

The effluents and the environment into which they are dispersed are 
dynamic, exhibiting both spatial and temporal variations of nearly all con- 
stituents. The importance of each individual radionuclide depends on its 
physical and chemical form, which determines its movement in the environment 
and eventual uptake. deposition, and retention by humans, and on the dif- 
ferential metabolism of the radionuclide by humans. 

Table 4 of Section 7 of the Health Physics Society Committee Report, . 
Uoor dinq En ro men tal Radiation Data [Watson 1980), provides guidance on 
the iinimum X:mbir of sampling/measurement locations for environmental sur- 
veillance programs. Providing site-specific tables of the minimum number of 
environmental sampling/measurement locations per site as a function of cal- 
culated annual effective dose equivalent to the maximally exposed offsite 
individual or critical population group is recommended. The values chosen 
following a site-specific environmental assessment should be documented in the 
Environmental Monitoring Plan, Any changes in the site-specific or generic 
factors shou?d* be noted in the Plan and the retired or replaced values pre- 
served for historical purposes. 

5-6 



5.4 BASIS FOR EXTERNAL EXPOSURE MONITORING 

DOE 5400.1 and DOE 5400.5 require that each DOE-controlled site perform 
an environmental surveillance program to provide compliance with all appli- 
cable environmental regulations. The extent of each environmental surveil- 
lance program is to .be determined by the DOE field organization, based on 
applicable regulations, hazard potential., and quantities and concentrations of 
materials released (or expected to be released for those facilities not yet in 
operation). A primary objective is to assess the actual or potential radia- 
tion dose to persons in the site environs. 

5.4.1 External Exposure 

One of the "critical pathways" of exposure for population groups living 
within the vicinity of DOE nuclear facilities is exposure to external radia- 
tion from those sites (Denham 1979). Exposure of population groups to exter- 
nal radiation from nuclear facility ooerations includes cloud passage of 
airborne effluents; previously released and deposited radionuclides on soil, 
vegetation, or sediments; radiation-generating facilities, especially hiqh- 
energy accelerators or industrial x-ray equipment, and large isotopic radia- 
tion sources; and the storage or movement of large sources of radioactive 
waste. 

5.4.2 External Exnosure in Water 

External exposures from radionuclides in water are generally insignifi- 
cant. However, unique situations could arise where recreational, commercial, 
or industrial use of a receiving body of water might cause exposure to cer- 
tain individuals. Appropriate environmental measurements shouid be included 
in the routine program to better define an unusual Hsource" if the site- 
specific pathway analysis shows this to be a significant (greater than 10% of 
the total offsite dose) source of exposure. 

5.4.3 Limiting External ExDosures 

For most facilities, the whole-body {or gonads) exposure is limited, and 
penetrating radiation measurements are satisfactory. Exceptions could include 
&he atmospheric release of beta emitters such as uranium decay products or 

Kr from fuel manufacturing or reprocessing facilities, respectively. For 
DOE sites, the gamma (and, where applicable, neutron) exposure (or exposure 
rate) shouid be measured or calculated; any significant skin dose from air- 
borne beta emitters shou7d be calculated from effluent data (see Chapter-8). 
If external beta doses from deposition are considered to be significant, they 
should be estimated from effluent data, from beta-sensitive dosimeters, or by 
soil sampling and laboratory analysis. 

5.5 EXTERNAL RADIATION MEASUREMENT LOCATIONS AND FREOUENCY 

Considerable judgment must be used in locating environmental radiation 
Zeasurement stations. Before final placement of any environmental radiation 
measurement station (background or control and indicator locations), an 
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initial on-the-spot survey shouid be performed and documented to determine the 
absence of possi‘ble naturally occurring anomalies that could affect interpre- 
tation of later measurements. The recommended technique for making these 
presurveys is to use a low-level radiation survey instrument (e.g., micro-R 
meter) followed up with a pressurized ion chamber (PIG) measurement at those 
geographic locations selected on the basis of the preliminary screening by 
portable instrument survey. If desired, an in situ gamma-ray spectrometer 
[NaI, IGe, or Ge(Li)J can be used to determine which terrestrial nuclides are 
contributing to the observed 'exposure rate. Examptes of dosimeter placement 
locations to be avoided, if at all possible, include the following: 

l Locations of unique or different geology {i.e., reflecting changes 
in the terrestrial background) 

9 Locations where the altitude differs significantly [e.g., altitud- 
inal differences between "background" or control locations and 
those indicator locations to be used around a given DOE site should 
not exceed 150 m (reflecting changes in the cosmic-ray background)] 

. Locations where the proximity of structures could alter the meas- 
urement results (reflecting changes from shielding or radiation 
enhancement effects from building materials) 

. Valleys or hollows (where puddling of precipitation or runoff could 
accumulate, or where local topography could shield the dosimeters 
from the possible passage of airborne effluents), 

5.5.1 Factors in Selection 

Selection of the indicator locations shou7d be based on expected sources 
of external radiation -- noble gas plumes, soil-deposited atmospheric particu- 
lates released from the site, onsite radiation-generating facilities,or large 
radiation sources, or potential routes of waste transport from the site -- and 
the local population distribution and prevailing wind directions. The tech- 
nique described by Waite (1973a,b) for placement of air samplers, based on 
average meteorological conditions and existing population distributions, 
shou?d be considered for determining external radiation measurement Tocattons. 

5.5.2 Location of Backaround Measurement Stations 

Background or control measurement stations should be located a minimum 
distance of 15 to 20 km from the larger sites and 10 to 15 km from the smaller 
sites in the least prevalent wind direction. Control stations should also be 
placed in areas typical of local geology, away from buildings (which can 
shield the detectors), and at similar elevations to those for indicator sta- 
tions. The emphasis here is on the placement of dosimeter stations such that 
the difference between background/control or preoperational data and the data 
from those stations expected to be affected by site effluents/activities can 
be assessed accurately. 
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5.5.3 Offsite Locations 

Offsite radiation measurement locations shouid be used for each DOE site 
with predicted external radiation doses exceeding the criteria in Table 5-1. 
These offsite measurement locattons include a background or control location, 
site perimeter or boundary locations, and locations in nearby communities 
(within a 15-km radius of the site). The site perimeter or boundary loca- 
tions should include locations directly upwind from the maximum predicted 
ground-level concentration from atmospheric releases averaged over a period of 
I year. Offsite measurement locations should coincide with locations where 
maximum predicted levels occur and where any member of the public resides or 
abides. For those sites larger than a few kilometers in radius, the maximum 
predicted concentrations may actually be onsite. In this case, onsite radia- 
tion measurements should also be made to include the location of predicted 
maximum air concentration(s), as well as other locations needed to help inter- 
pret the offsite results. 

5.5.4 Shoreline Locations 

If exposure measurements are to be made at shoreline locations, dosime- 
ters should also be placed to correspond to key water sampling locations 
(including the site boundary}, as well as locations important for recrea- 
tional, commercial, or industrial use. However, changes in water elevation 
caused by tides or fluctuating releases from dams may make this impractical, 
in which case intermittent exposure-rate measurements must be used during the 
seasons in which recreational use of the shoreline (for hunting, fishing, sun- 
bathing) actua'lly occurs. 

5.5.5 Heisht and Freauencv of Measurements 

The recommended height for external radiation measurement is 1 m(a) 
above the surface. If another height is used, the relationship to the 
l-m height should be established and documented for the site. The frequency 
shou7d be based on predicted exposure rates from site operations at the meas- 
urement locations. Integrating devices (e.g., dosimeters) should be exposed 
long enough (typically 1 calendar quarter) to produce a readily detectable 
dose (e.g., 10 x the minimum sensitivity of the dosimeter; for TLDs this would 
represent an exposure on the order of 5 to 10 mR). If intermittent external 
radiation measurements are made, their frequency shou7d be timed to coincide 
with batch atmospheric releases or the intermittent use of large sources or 
the operation of radiation-generating facilities. 

(a} Approximately the height of the gonads in adults standing or walking. 
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5.6 DIRECT RADIATION MEASUREMENT 

5.6.1 Continuous Exoosure Monitorino 

Continuous environmental gamma-ray monitoring is available (Jackson 
et al. 1985; Urabe and Katsurayama 1984) and highly desirable, yet it cannot 
always be'justified on the basis of initial system cost or long-term mainte- 
nance. However, in situ gamma spectrometry should be used as a Method of doc- 
umenting environmental mixtures of radionuclides resulting from natural and 
manufactured sources (e.g., for dosimeter placement). Historical monitoring 
information shou3d be considered as well. The deployment of at least one con- 
tinuously recording exposure-rate instrument is recommended, preferably near 
the site boundary in the expected direction of a potential plume. Effluent 
monitors should provide detection and approximate magnitude of sudden changes 
in ambient radiation levels. An array of continuously recording exposure- 
rate instruments shou7d be considered if there is a potential for release of 
large inventories of gamma emitters. 

5.6.2 Neutron Monitorinq 

For some sites, especial'iy in the vicinity of high-energy facilities, 
neutron monitoring may also be required. When neutron monitoring is required, 
the method of measurement shou7d* be based on the anticipated flux and energy 
spectrum. A fixed monitor (moderated BF3 counter or rem counter) is rec- 
ommended, yet site-specific conditions may warrant the use of intermittent 
portable instrument surveys only during the infrequent periods of machine 
operation. As with all external radiation measurements, neutron monitoring 
(or surveys) sfiould be performed at the site boundary or location of nearest 
occupancy in the direction of maximum expected exposure rates, especially from 
beam dumps or accelerator targets. 

5.6.3 Instruments and Methods 

Instruments that have application to DOE environmental surveillance pro- 
grams include Geiger-Moller (GM) and gamma scintillation systems, PICs, TLDs, 
and moderated BF 

z 
counters or rem counters. The method of measurement should 

depend on the an icipated type of radiation (beta, gamma, or neutron). 

Several materials have been identified as suitable for use in environ- 
mental TLDs, including LiF, CaF , and CaS04 (Gesell 1982). Several reports 
are available describing the va 6 ious TLDs commonly used for environmentai 
surveillance (Fix and Miller 1978; HASL-252; dePlanque and Gesell 1982; 
Gesell 1982; Hall and LaRocca 1966; Hendee 1967; Hoy 1971; Mejdahl 1970). 
ANSI-N545-1975 and NRC Regulatory Guide 4.13 shou7d be used for performance 
testing, procedural specifications, and correction techniques for TLDs. 
Annealing, calibration, readout. storage, and exposure periods used should be 
consistent with the ANSI standard recommendations. 

Where integrating dosimeters are used, three or more dosimeters shou7d 
be provided at each location (in the same package, if possible). Integrating 
dosimeters should be read without undue delay. It is critical that readings 
are made at a consistent time following collection. 
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DOE sites are encouraged to participate in international intercomparison 
studies, such as the ones reported by dePlanque et al. (1976) and Gesell 
et al. (1982). 

Only if adequate precautions are taken to avoid recording a significant 
exposure in transit can integrating dosimeters be sent to a distant location 
for processing. 

The categories of airborne radionuclides that shou7d be considered for 
measurement in air sampling systems include particulates, gases (principally 
the noble gases}, halogens (princjpally radioiodines), and tritium. These 
categories are important to consider for environmental sampling and measure- 
ment because they account for virtually all of the radioactive materials 
released from DOE nuclear sites. For example, in 1983 tritium, noble gases, 
and fission/activation products accounted for 33%, 4%, and 25%, respectively, 
of the total radionuclides released to the atmosphere from DOE sites (Hawley 
and Washburn 1985). The basis for performing environmental air sampling and 
the requirements associated with air sampling methods, criteria, locations, 
and frequencies are presented below. 

5.7.1 Basis for Sam‘linq 

Because air is a primary exposure pathway'to humans from radionuclides 
released to the atmosphere, environmental air sampling shou7d be conducted to 
evaluate potential doses to environmental populations from inhaled or ingested 
radionuclides or from external radiation. The inhalation of airborne radionu- 
elides, coming either directly from the source (facility) or from resuspen- 
sion following deposition, may result in their absorption from the lung or GI 
tract. Absorption through the skin may contribute to human exposure. 

Radioactive materials in particulate form can result in radiation expo- 
sures to individuals both by direct inhalation and by deposition on soil and 
vegetation. Although particle sizes range across a broad spectrum, with diam- 
eters ranging from about 0.01 to IO w, the optimum size for deposition in the 
upper respiratory tract (and subsequently the deep lung) tends to be in the 
range of 0.01 to 3 Frn, with 1 pm often used for dose assessment. However, 
particle filters used for sampling will function over the entire size spec- 
trum, collecting particulates in the "respirable" range, as well as those that 
are not. The collection efficiency of filters used to collect particulate 
materials should be considered when calculating the concentration of radionu- 
elides in the air that was sampled. If releases of particulate materials 
could contribute significantly to environmental doses, measurements of parti- 
cle size shouicf be made. When inhalation of particulates may be significant, 
lung solubility class assumptions shouid be substantiated. 

en more feasible to determine the impact of short-lived gases 
Ar) by measuring the direct exposure (i.e., external radiation) 

resulting krom them rather than by sampling and analysis. Gamma spectroscopy 



of grab samples (e.g., filling a previously evacuated Marinelii sampler) can 
be used to quantify the concentrations of short-lived gases, which can then be 
correlated with the 88 bserved ' 
noble gases (e.g., 139 crease in exposure rates. 

Kr and 
For longer-lived 

Xe), the suggested technique is the collection 
of an air sample by compression or cryogenic techniques, separation and 
purification of krypton and xenon by adsorption on chromatographic columns, 
and analysis by liquid scintillation counting (Grossman and Holloway 1985; 
Trevathan and Price 1985). 

5.7.2 Radioiodine 

Atmospheric releases of radioiodine can expose the thyroid and whole 
body via several pathways, including ingestion of milk and other foodstuffs, 
as well as inhalation and air submersion. The inhalation pathway is normally 
assessed by air sampling, while the external radiation component is assessed 
along with other external radiation sources by dosimeters. In certain 
instances, a special sampler might be necessary to identify iodine species 
(elemental, organic, and HOI}. Species identification allows differentiation 
of those forms of iodine that are prone to deposition on vegetation and soil 
(elemental) from those that are not (organic forms and HOI}. All chemical 
forms can be readily inhaled and contribute to thyroid exposure; however, it 
is primarily the elemental form that enters the foodchain. The manner in 
which radioiodine concentrations are distributed among the various chemical 
forms is key input information for accurate environmental. dose estimates. 

5.7.3 fritium 

Environmental tritium can be found in two forms: tritiated molecular 
hydrogen gas and tritiated water vapor (or tritiated oxide vapor). In terms 
of exposure potential, tritiated water vapor yields a dose equivalent approx- 
imately 25,000 times that of tritium gas for the same concentration (IS0 
1975). Thus, air sampling techniques shou7d employ methods that collect mois- 
ture from the air. When tritiated water vapor is released to the environment, 
several inhalation, ingestion, and skin absorption pathways are possible. 
According to a model developed by Anspaugh et al. (1973), approximately 35% of 
the dose to individuals results from inhalation; the remaining 65% is due to 
vegetable (36%), milk (13X), and meat (16%) consumption. These percentages 
will vary from one site to another because of such factors as climate and land 
use. For facilities that release tritium to the atmosphere, air sampling is 
an important medium, but clearly not the only one. 

5.7.4 Samnling Locations 

Air sampling locations should be selected to represent radionuclide con- 
centrations breathed by the population surrounding the nuclear facility. 
Selection of background sampling and measurement locations for air must be 
made with special care. For measurements to be compared with the effects of 
airborne releases, a minimum distance of 15 to 20 km from the larger sites and 
10 to 15 km from the smaller sites in the least prevalent wind direction is 
suggested for background sampling. 
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Offsite air samplers should be employed at each DOE site having poten- 
tial airborne releases that could result in an annuai effective dose 
equivalent greater than 1 mrem to the maximally exposed individual. Sample 
locations shou7d include the following: a background or control location; 
locations of maximum predicted ground-level concentration from stack (or vent) 
releases, averaged over a period of 1 year where members of the public reside 
or abide; and locations in the nearest community within a 15-km radius of the 
site. For those sites larger than a few kilometers in radius. the maximum 
predicted concentrations may actually be onsite. In this case, onsite sam- 
pling may include the locations of predicted maximum concentration(s) and any 
other locations needed to help interpret the offsite sample results. 

The exact number of samplers will be determined by meteorology, demogra- 
phy, and the magnitude of projected doses to the surrounding population. If 
the maximally exposed individual could receive an effective dose equivalent of 
more than 5 mrem, additional air samples shou7d be collected in those connnuni- 
ties within a 15km radius of the site boundary for which the projected dose 
equivalents exceed the criteria in Table 5-1, and at a control (background) 
location (10 to 20 km from the site in the least prevalent wind direction). 

Unless documented site-specific evidence exists to justify otherwise, 
the sample(s) at each air sampling station shou7d be collected at a height of 
2 m above ground level (approximately the height of inhalation for adults}, in 
a location free from unusual localized effects or other conditions (e.g., in 
proximity to a large building, vehicular traffic, or trees) that could result 
in artificially high or low concentrations. Locations shou7d be selected to 
avoid areas where large-particle (nonrespirable) fugitive dusts can dominate 
the sample (Ludwig 1976). 

A method similar to that developed (Waite 1973b) and evaluated by Waite 
(1973a) shou7d be used to determine the number of air sampling stations and 
their placement. Waite's method entails examining demographic and meteoro- 
logic data for the site to determine the distance to local population centers, 
their population, and the wind frequency distribution and weighting factors 
that are scaled to equal the desired number of sampling locations. The appli- 
cation of this method to sites in coastal or agricultural areas requires only 
minor modification of the procedure illustrated (i.e., sites in coastal zones 
would adjust the number of.radial divisions to the number required to cover 
the surrounding inhabited land mass). For agricultural areas, an equivalent 
population index is derived by multiplying the number of people who are direct 
recipients of produce, dairy products, etc., from the area by the biological 
discrimination factor for the critical radionuc?ide in the exposure pathway 
involved. 

5.7.5 Samoling Freauencv 

In general, the frequency of collection for air samples is adjusted to 
take Into account the limitations of the sample collectors, the capabilities 
of the air movers, and the physical problem of retrieving samples from each 
location on a fixea frequency, typically 1 to 2 weeks. However, the opera- 
tional status of relevant facilities shou?d also be considered. Unless other- 
wise justified, the maximum air particulate filter exchange frequency shou7d 
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be biweekly. Experience has shown that sampling rates of 30 to 120 L per 
minute can be used with moderate power requirements. 

The common practice, especially for the longer-lived radionuclides, has 
been to composite filters for subsequent ana.jsis from several locations and/ 
or successive time periods, taking advantage of the larger volume of air sam- 
pled to achieve the desired sensitivity. Use of cornpositing techniques 
assumes that the concentration of a given radionuclide at the locations or for 
the time cornposited is sufficiently constant for the end use of the data. For 
dose calculation purposes, the annual average concentration for a location or 
for a group of locations can still be compared against an annual average for a 
background location as an indication of potential facility impact during the 
year in question. Since the applicable standards are annual standards, com- 
parison of annual averages to the standards is appropriate. Also, averages 
for successive years can be compared for detection of general trends. 
Requirements for sample collection and analysis, including the use of compos- 
iting, are shown in Table 5-2 as a function of effective dose equivalent to 
the maximally exposed individual. 

For air sampling of nonparticulate material, the available tradeoff 
between sensitivity and frequency of sample removal is governed primarily by 
the fact that "breakthrough" can occur with the charcoal cartridges, silica 
gel, and molecular sieves used for radioiodine, noble gas, and tritium col- 
lection, respectively. These breakthrough phenomena can be based on flow 
rate, total volume, activity, or a combination of these. The sample exchange 
frequency for nonparticulate sampling shou7d be determined on a site-specific 
basis and should* be documented in the enj($bonmental surveillance files. For 
facilities with a significant release of I, measurements can be made on an 
annual basis at site-perimeter and control stations to characterize t Ps 

local 
site environs. 

11 
is also recommended that the relationship between '1 and 

natural iodine ( 71) be determined &-lowever, it may be assumed that because 
of the extremely long half-life of I, its accumulation (if any) in the 
environment will be better observed in milk than in air. 

5.7.6 Samplinq Methods and Criteria 

Filtration is by far the most popular air-sampling method (Lee 1974) and 
the method generally required for air-particulate collection at DOE sites. 
Correct use of the International Commission on Radiological Protection (ICRP) 
lung model, as described by the Task Group on Lung Dynamics (ICRP Task Group 
1966), requires a knowledge of the chemical state and the particle size dis- 
tribution. The need for particle size measurements is especially important at 
those sites where resuspension of previously deposited material' is or can be a 
significant factor in environmental air concentrations. Such particle size 
measurements will also be useful in distinguishing resuspended material from 
that of current emissions. Several methods, including the impactors (e.g., 
multistage cascade impactor) and electrostatic precipitators referred to 
above, can be used to classify particle size (IS0 1975). Particulate filters 
can be made of any fibrous material, and a variety of filter media (e.g., cel- 
lulose, glass fiber, membrane, polystyrene) are commerciallv available. MO 
single filter type is best for all purposes, but the specifjc filter to be 
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used should be selected to meet site-specific requirements, such as high col- 
lection efficiency, particle'size selectivity, retention of alpha emitters on 
the filter surface, or ease of radiochemical analysis. Any filter media used 
should retain a minimum of 9% of dioctylphthalate (DDP) particles with an 
aerodynamic mean diameter of 0.3 m at the air face velocity and pressure drop 
expected in use (American Conference of Governmental Industrial Hygienists 
1974). 

Airborne radioiodines shoo7d be collected with charcoal or silver zeo- 
lite cartridges in series behind the particulate filter, and analyzed by gamma 
spectrometry, the method suggested by the Intersociety Committee (1972). Com- 
pound filter canisters of several designs (for an example, see Keller et al. 
1970) have been used to distinguish the several chemical forms of radioiodine 
that may be present in the atmosphere+ Generally these canisters will contain 
a particulate filter and silver wire or mesh plus charcoal, each of which is 
analyzed separately. This type of collection device shou7d be used if the 
levels of radioiodine or the cause of the release warrant. 

41 
Routine environmental surveillance for short-lived noble gases (e.g., 

Ar) should be performed by external radiation measurements. laboratory 
analysis of periodic grab samples of ambient air (Denham et a 1974) shoo7d 
be performed for the longer-lived radionuclides, principally s SKr, when the 
critical pathway analysis indicates the potential dose excee& the criteria 
given in Table 5-2. Suggested methods for radioactive gas ( Kr) sampling, 
either grab or continuous, can be found in the Proceedinqs of the Noble Gases 
Svmoosium (Stanley and Moghissi 1974) -and in more recent reports by Grossman 
and Holloway (1985) and Trevathan and Price (1985). Atmospheric stability and 
wind speed and direction during the period in which the samples were collected 
shou7d be recorded to aid in interpreting and using the data for dose 
calculations. 

Several methods are available for collection of atmospheric tritium, 
such as bubblers, molecular sieves, and silica gel (Denham et al. 1974). The 
Intersociety Committee (1972) method recommends the use of silica gel as a 
desiccant to remove moisture (H20, HTO) from air, followed by re-evolution, 
collection as a liquid, and liquid scintillation counting. This procedure 
calls for a 30:cm-long by 3-cm-diameter cylinder filled with silica gel 
(180 CJ}. Air is pumped at a flow rate of 100 to 150 cm3/minute through the 
silica gel column, which collects essentially all of the moisture; ihe 
distillate is collected and counted using standard liquid scintillation tech- 
niques. Tritium gas (HT) is totally excluded by this procedure. Methods for 
differentiating and measuring separate concentrations of HT and Hi0 in air. 
(MLM-2015; Griffin et, al. 1972; Ostlund 1970) should be used when the critical 
pathway analysis indicates the need for differentiation. Where only intemit- 
tent sampling of HTO for short times (less than 30 minutes) is essential at a 
given site, the method of Osborne (1974) can be used. In this approach, HTO 
is removed from the air by bubbling moist air through a gas-washing bottle. 
Measurement of the specific activity of tritium in atmospheric moisture, using 
a passive device such as a container of silica gel suspended in air to collect 
tritiated water vapor, is considered satisfactory as a detection device only. 
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Precautions 

A number of precautions should be taken when using the referenced meth- 
ods and equipment for a'ir sampling in the environment. Some of these relate 
to general air sampling and some relate specifically to the sampling of par- 
ticulates, radioiodines, noble gases, or tritium: 

11 

21 

3) 

4) 

5) 

6) 

7) 

Sufficient material needs to be obtained for analysis of samples in 
a time frame set to meet reporting and data-retrieval requirements. 
The requirements of sufficient volume of air and number of samples 
should be evaluated and the need for compositing samples considered 
(DOE/EP-0023). 

Excessive material (sample or dust) collected on filters can inval- 
idate the sample in several ways; the flow rate through the filter 
may be unknown, the pump may fail, the particulate material may 
penetrate the filter, the analysis for alpha emitters may be 
affected, or material on the surface may be lost when the flow is 
interrupted (DOE/EP-0023). 

Excessive sampling velocity can invalidate the sample if too much 
sample is collected during a specific time period. 

Collection efficiency of an air filter is affected by flow rate; 
too low an air sampling velocity can produce a reduced collection 
efficiency for specific filters (Keller et al. 1970). 

Ambient levels of radon and thoron and their decay products can 
affect the analysis of a number of filter samples. These naturally 
occurring radon and thoron decay products are found on air particu- 
late filters because they adhere to particulate matter and are thus 
efficiently trapped by the air sampling filter. Therefore. any 
YgasurFygnt system for other alpha and/or beta emitters (e.g., 

Sr, Pu) must be able to discriminate against the typically 
much larger "background." Rather than resorting to spectroscopic 
or chemical separation techniques, the most common method of dis- 
crimination is to reta.in the filter from I to 7 days (American 
Conference of Governmental Industrial Hygienists.1974) after co11 
lection and before counting, to allow for decay of the short-lived 
radon and thoron decay products. 

loo high a sampling rate reduces both the collection efficiency and 
retention time of charcoal filters, especially for the non- 
elemental forms of iodine (Bellamy 1974; Keller et al. 1970). The 
retention of iodine in charcoal is dependent not only on charcoal 
volume, but also on the depth of the charcoal bed. 

The monitoring of airborne radioiodines is complicated by the 
occurrence of several species, including particulate iodine (bound 
to inert particles), elemental iodine vapor, and gaseous (tisually 
organic) compounds. The monitoring program should take into 
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account the probable occurrence of the different iodine forms, 
because their subsequent history in the environment will differ. 
While it may not be necessary to differentiate routinely between 
the various species, care should be taken so that no significant 
error results by neglecting one or more of them (DOE/EP-0023). 

8) Charcoal cartridges (canisters) for the collection of radioiodine 
in air are subject to channeling, as with any packing of loose 
materials. Baffled-flow cartridge design, packing to a minimum 
required weight, and pretesting of randomly selected cartridges for 
pressure drop before operation in the field will minimize the prob- 
lem. An alternative is to mount several cartridges in a series to 
prevent loss of iodine; each cartridge must be counted in this case 
(DOE/EP-0023). 

9) For the short-lived radioiodines (mass numbers 132, 133, 1351, 
environmental sampling is complicated by the need to obtain a suf- 
ficient volume for analysis while at the same time retrieving the 
sample soon enough to minimize decay (with half-lives ranging from 
2 to 31 hours). Short-period grab sampling with charcoal car- 
tridges is possible, with direct counting of the charcoal as soon 
as possible for gamma emissions, but radon and thoron will affect 
detection levels (DOE/EP-0023). 

10) Because of the extreme1 
124 g 

on half-life and normally low environ- 
mental concentrations, I determinations are usually performed by 
neutron activation analysis after chemical isolation of the iodine. 

The foil owing operational criteria relate to environmental sampling 
instrumentation and methods: 

l The linear flow rate across particulate filters and charcoal car- 
tridges shou7d be maintained between 20 and 50 m/minute (ROE/ 
EP-0023). 

l The air sampling system should be protected as much as possible 
from the elements (i.e., weather, tampering, and theft). 

. Air sampling devices, such as "quick-disconnect" filter holder%, 
shou7d be designed so that the potential for loss of sample during 
the collection process is minimized. 

. If impregnated, activated carbon is used as the adsorbent for radi- 
oiodine, the adsorber system should be designed for an average 
atmospheric residence time of 0.05 set/cm (0.25 second/2 in.) of 
adsorbent bed (NRC Regulatory Guide 1.52). 

l NRC Regulatory Guide 6.25 contains guidance relative to deter- 
mining errors associated with the total volume of air sampled. 
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5.8 BASIS FOR SAMPLING TERRESTRIAL FOODSTUFFS 

If the preliminary analysis of public dose indicates that the annual 
effective dose equivalent from ingestion of terrestrial foods is 5 mrem or 
greater, then sufficient sampling and analysis shou7d be carried out so that 
the foods and radionuclides contributing at least 90% of this ingestion dose 
have been evaluated. If the annual effective dose equivalent is between 1 and 
5 mrem, sufficient sampling and analysis shou7d be carried out to provide 
reasonable assurance that the doses are within this range. When the annual 
effective dose equivalent is between I and 0.1 mrem, then sufficient surveil- 
lance should be done to show that the radionuclides are behaving in the 
environment as expected. The principal pathways by which foods become contam- 
inated are deposition from airborne materials and crop irrigation from surface 
or ground waters. The relative contributions of various pathways, foods, and 
radionuclides to the total dose depends on several factors, including 

l Agricultural uses of the land 

l Farming and gardening practices 

l Soil type 

l Climate (e.g., temperature, rainfall, growing season) 

l Dietary habits 

. Quantities of specific radionuclides released to air and water and 
their chemical and physical forms. 

5.8.1 Possibility of Lonq-Term Buildun 

Even in those instances where the annual effective dose equivalent from 
ingestion of terrestrial foods is less than 1 an-em, periodic sampling and 
analysis of indicator materials, such as soil or vegetation shou7d be per- 
formed to determine if there is measurable long-term buildup of radionuclides 
in the terrestrial environment. Such long-term buildup could affect the rela- 
tive contributions of certain radionuclides and foods to the total radiation 
dose of site origin. However, the availability of these radionuclides to 
plants grown in such soil may decrease with time as a result of several 
natural processes. These processes include changes in chemical or physical 
form of the radionuclides caused by weathering or the action of soil bacteria, 
fixation onto soil materials or the litter layer, migration below the root 
zone of the plant with irrigation water or rainfall, and removal of contami- 
nated soil by wind or water erosion or by cultivation. Unless terrestrial 
foods or indicator organisms are being analyzed routinely, the.pathway evalu- 
ation should be repeated annually to reaffirm the original evaluation. Foods 
to be considered in the pathway analysis, listed in approximate descending 
order of importance, are milk, vegetables, meat, eggs, grain, and fruit. If 
tiild game, such as deer or game birds, are available locally, then Lhese 
shou7d also be considered in the pathway analysis, 
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5.8.2 Aqricultural Products 

Representative samples of the pathway-significant agricultural products 
grown within 16 km of the site should be collected and analyzed for radionu- 
elides potentially present from site operations. These samples shou7d be col- 
lected in at least two locations: the place of expected maximum radionuclide 
concentrations, and a "background" location unlikely to be affected by radio- 
nuclides released from the site. Fresh produce, meat, poultry, and eggs can 
be purchased from local farmers or from commercial outlets if the origin can 
be identified. Under certain circumstances, sites and facilities have need to 
sample beyond 16 km to investigate and evaluate the effect of site-specific 
characteristics or peculiar meteorological conditions. GIhere warranted, and 
based on site-specific considerations, DOE will require individual sites o&r 
facilities to conduct sampling beyond I6 km. 

5.8.2.1 Milk 

Cow milk, and in certain localities goat milk, is widely consumed by all 
age groups. Therefore, milk is frequently one of the most important foods 
contributing to the radiation dose to people if dairy animals are pastured 
near a nuclear site. If dairy herds or "family" cows (or goats} are present 
in the vicinity of the site (within 16 km}, representative milk samples shouid 
be taken and analyzed for radionuclides potentially present from site opera- 
tions. The frequency of sampling will depend on the magn'itude of the radia- 
tion doses potentially receivEd viag&his 2gyrcelS7Radionucfides of potential 

Ti9, nificance in milk include Sr, Sr, I, Cs, and possibly H and 
. 

The number of locations to be sampled depends on the number and distri- 
bution of the dairy herds or family cows in the vicinity (16 km) of the site 
( i .e., one sample at highest annually averaged air concentration and in each 
area where estimated doses exceed the criteria in Table 5-l) but a minimum of 
one background and on affected location shou7d be sampled at 
least annually. For 

f3Potentially 
I analyses, sampling shou7d be at least biweekly&;- 

ing the local grazing season. The frequency shou7d be increased if the 

E4 ease ra fs7is highly variable. For longer-lived radionuclides such as "Sr, 
I, and Cs, quarterly composite samples are usually adequate. 

Milk samples shob7d be as representative of the location of interest as 
possible. Commercially available processed milk, while representative of con- 
sumption by the general public, may include milk produced in areas remote from 
the site. Information about the dates and distribution patterns of local milk 
production is essential if the analytical results are to be meaningful. Raw 
milk should be sampled for evaluation of potential radiation doses to individ- 
uals consuming milk produced by a family cow. 

No particular sampling techniques are required, other than to guard 
against cross-contamination and souring or curdling of the milk. However, 
specific requests should be made to the milk producer so that techniques are 
in accordance with the protocol accepted by the appropriate State agriculture 
department. For the levels of contamination expected at most DOE sites, a 
4-L sample is necessary to achieve the required detection level. However, for 

S-20 



goat's milk, a 1-t sample may be all that cawbe obtained, especially from a 
single goat. Liquid milk samples should be refrigerated or otherwise pre- 
served prior to analysis; however, the analytical procedure to be used shouid* 
be considered when choosing a sample preservation method. Radioanalysis of 
milk usually involves ion-exchange techniques (for concentration) followed by 
beta or gamma counting. 

When fresh milk is not available, analytical results of leafy vegetable 
(or fresh forage) samples can be used to estimate concentrations in milk using 
transfer coefficients or concentration ratios for dose calculations. 

5.8.2.2 Vesetation 

Vegetation includes three categories: vegetables, grains, and fruit. 
[If vegetation (i.e., vegetables, grains, and fruit) is not one of the con- 
tributing pathways involved in determining the dose to humans from the site, 
native vegetation can be used as indicator species.1 Collection and analysis 
of vegetation samples can serve three useful purposes: evaluating the poten- 
tial radiation doses received by people consuming such vegetation; predicting 
the possible concentrations in meat, eggs, and milk from animals consuming 
contaminated forage (and resultant radiation doses to consumers of the animal 
products); and monitoring trends in environmental contamination and possible 
long-term accumulation of radionoclides. 

for milk ( H, 
RadioycQJ;; o#jO;;tey$§; i p3yM,aji pg+;cl;$ ;;;:;b;;s@gjR[l;evf ;;;;fa, 

kilograms of vegetition Aay be'needei to providk a sufficient sample'for anal- 
ysis, depending on the analytical sensitivities for the radionuclides of 
interest. The particular samples collected will depend on species availabil- 
ity, seasonal growth patterns, farming practices, and the reasons for sample 
collection. Where actual measurement of radioactivity cannot be made (e.g., 
radioactivity levels are below minimum detectable concentrations), dose calcu- 
lations should include estimates of potential contributions. 

The vegetable category includes common garden crops (i.e., corn, beans, 
potatoes, tomatoes, etc.). If the samples of garden vegetables are being col- 
lected for evaluation of radiation doses, then the edible portions of the veg- 
etables should be analyzed..for the radionuclides of interest. Analysis may 
include direct gamma measurement, or alpha or beta counting after drying, ash- 
ing, and/or chemical separation of the desired radionuclide. The results 
shouid be expressed in terms of the radionuclide concentrations in the vege- 
tables (consumed state) used in the dose calculation (e.g., fresh weight, 
peeled weight, etc.). 

Samples of vegetables shou7d be collected at local farms or from family 
gardens when the effective dose equivalent to individuals is being evaluated. 
When collective effective dose equivalents are being evaluated, fresh produce 
from commercial sources shou?d be included in the samples. Care should be 
taken to collect vegetation from open, unshaded areas where radionuclide 
ground deposition would not be atypical. It is important that the origin of 
the materials sampled be within a IO- to 15-km radius of the site and be 
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identified. Analyses of commercial food items of known origin can also 
provide data on concentrations of naturally occurring or fallout 
radionuclides. 

The grain category includes sweet corn, field corn, wheat, and other 
cereal grains. It is not likely that field corn would need to be sampled, 
since it is used for animal feeds, and animal products would be more logical 
items to sample for evaluation of intake of radionuclides by humans. With the 
exception of fresh sweet corn from local farms, most grains, by the time they 
are consumed, would not be Ii kely to contain any radionuclides with half- 
lives shorter than a few weeks. In addition, most pathway models use concen- 
tration ratios (pCi/kg plant per pCi/kg soil) that reflect the average con- 
centration of radionuclides in the whole plant. Normally, concentrations in 

'n are lower than those in the stems and the leaves. As ;h;e$;fel 98grt ;;dgr4? 

cereal giains. 
Cs are usually the only radionuclides of interest in 

9asr R~~~"PYf, 
lides of potential interest in fresh sweet corn include 65Zn, 

Local sweet corn should be sampled annually at harvest time 
from'a 'backgr;)und farm and a farm where there is a potential for contamina- 
tion with radionuclides released from the site. A l- to 2-kg sample of corn 
shou7d be sufficient for analysis. Unless the pathway analysis indicates an 
unusually high potential for contamination, other grains will probably not 
have to be 'sampled. 

The category of fruit includes tree fruits, berries, melons, and grapes. 
Unless the pathway analysis indicates that some unusual circumstances are pre- 
sent, it is normally not necessary to sample such fruit. 

Samples collected for evaluation of intake of radionuclides by farm ani- 
mals shou7d be representative of the vegetation consumed by the animals. This 
includes silage and hay as well as fresh forage when available. Samples col- 
lected for monitoring of long-term trends in environmental contamination 
shou7d be capable of accumulating the radionuclides of interest to permit 
detection at the desired level. Such samples should be co11 ected from the 
locations of interest, including, but not necessarily limited to, a back- 
ground location and a maximum location. 

5.8.2.3 Meat 

Because of the time delay for transfer of radionuclides from the point 
of release through vegetation to beef, pork, and poultry, samples of these 
meats are not good indicator materials. Therefore, frequent sampling of meat 
is normally required only when it is necessary to evaluate the radiation doses 
received via this foodstuff. With a few exceptions, radiation doses from 
ingestion of radionucl' 

VI 
es in meat are of secondary importance. (One such 

exception occurs when C from the facility's effluent is the predominant 
radionuclide present in the environment. In that instance, the doses from 
inhalation and external exposure would be small compared to those from inges- 
tion of foods, and also the contribution from milk and vegetables would be 
less than that from meat.) The preliminary pathway analysis will determine 
whether frequent meat sampling is required. 
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Because of the time lag mentioned above, shorter-lived radionuclides 
(those with half-lives of less than 1 month) are not likely to be present in 
measurable concentrations in meat samples. The additional time lag (about 
2 weeks for cattle and a few days for poultry) imposed between slaughter and 
delivery of the meat to retail outlets can be avoided by sampling directly at 
local farms or slaughterhouses. However, this time delay shou7d be accounted 
for when the analytical results are used to calculate radiation doses from 
consumption of comme 
est in meat include 

~~iC"'41(S;ai3~~~e ntt;t,,,~;~;;n,,~~des of potential inter- 
, , * . 

A l- to 2-kg sample of meat is usually sufficient for analysis. Meat 
may be purchased from local farms, retail stores, or slaughterhouses. All 
samples shou7d be placed in plastic bags, sealed, and properly labeled before 
delivery to the analytical laboratory. Meat samples collected at farms or 
slaughterhouses shou7d be reduced to edible portions in a manner similar to 
commercial and home preparation before analysis. 

It shou7d be noted that concentrations for several of the radionuclides 
of interest are generally lower in pork than in beef, despite the fact that 
many of the radionuclide concentration ratios (pCi/kg meat per pCi/kg feed) 
are somewhat higher for pork than for beef. The 'concentrations reflect the 
fact that the consumption rate of feed by swine is about 20 to 30% that of 
beef cattle. Similarly, the radionuclide concentrations in chickens are gen- 
erally lower than those in pork because chickens have a much lower feed- 
consumption rate than swine. 

5.8.2.4 m 

Under certain circumstances, eggs may make a contribution to radiation 
doses received from terrestrial foods. The preliminary pathway analysis will 
determine whether frequent sampling and analysis of eggs are required or 
whether annual sampling is sufficient. Eggs collected from small local farms 
where the chickens are free to range over open soil are more likely to contain 
detectable amounts of effluent radionuclides than eggs from large poultry 
farms where the hens are confined. As with other foods, it may be difficult 
to determine the origin of commercially purchased eggs. 

Several elements have relatively high concentration ratios in eggs (pCi/ 
kg egg per pCi/day intake) including phosphorus, rubidium, iodine, calcium, 
cesium, barium, tellurium, copper, iron, cobalt, and nickel. Many radionu- 
elides of these elements have such short radioactive half-lives that they 
would not be detectable in eggs. In addition, some of the radionuclides would 
not likely be present in the effluents from most DOE sites. Cesium, iodine, 
and barium could be present in both liquid and gaseous effluents from many 
different types of facilities. Phosphorus-32 and -33, and iron, cobalt, and 
nickel could be released as activation products with liquid effluents from 
operating nuclear reactors. 

One dozen large eggs, which have a combined weight of about 600 to 700 g 
(without the shells), is normally a large enough sample for analysis. Analy- 
sis shou7d be done on the whole egg (without the shell). It is not necessary 
to analyze the yolk and white separately. Analytical results from local farm 
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eggs, when available, shou7d be used for individual dose calculations, while 
those from commercial eggs shou7d be used for population dose calculations. 

5.8.3 Game Animals 

At some sites, animals such as deer, rabbits, and game birds are com- 
ponents of the diets of certain individuals. A review of the hunting habits 
in the local area shou7d be included in the preliminary pathway analysis to 
determine if such game are important oarts of the diet of the local population 
or of hunters from outside of the region. If the results of the preliminary 
survey indicate that local game could make an important dose contribution, 
then a more detailed survey of the amounts of each type of game harvested and 
the disposition of the meat shou7d be made and documented. 

It is also important to determine whether the m&at is eaten, and if so, 
whether it is eaten fresh or frozen or given to others. If the results of the 
preliminary survey indicate that this pathway contributes an EDE of less than 
1 mrem/year, then annual sampling and analysis of two or three representative 
species will be sufficient to determine whether or not this pathway is still 
insignificant. 

Radionuclides of inte$est8hn wi&game are similar fqg:hose listed under 
the discussion of meat: C, Sr, Cs, and possibly 
Z-kg samples shou7d be sufficient for analysis. 

. Again, l- or 

Wild game samples can be obtained from wildlife that is trapped, 
acquired by hunters, or (for larger animals, such as deer} collected after 
accidental road kills, or the samples can be obtained from an appropriate 
State agency. Wildlife that is relatively rare locally shou7d not be taken as 
environmental samples. When sampling deer and other game animals, it is 
important not to contaminate the meat sample with radionuclides that may be 
present on the animal's fur or in its gut. 

5.9 BASIS FOR SAMPLING SOIL 

Soil provides an integrating medium that can account for contaminants 
released to the atmosphere, either directly in gaseous effluents or indirectly 
from resuspension of onsite contamination, or through liquid effluents 
released to a stream that is subsequently used for irrigation. Hence, soil 
sampling and analysis should be used to evaluate the long-term accumulation 
trends and to estimate environmental radionuclide inventories. In addition to 
radionuclides that are specific to 
rally occurring (e.g., the uranium 
out radionuclides can be expected 
these contributors is dependent on 
including site geography, geology, 

a particular operation or facjlity, natu- 
and thorium decay chains and Be) and fall- 
n soil samples. The relative importance of 
site operations and site conditions 

varies with the source and half-life of the materials. Analytical and sample 
preparation procedures should be tailored to the radionuclides of interest. 
As pointed out in the Summary of Selected AEC Contractor Environmental 
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Surveillance Techniaues and Capabilities (Denham et al. 19741, perhaps the 
greatest diversity among sites occurs in the techniques used for sampling and 
analyzing soil. Part of this diversity arises from different purposes for 
soil sampling and analysis (e.g., trend evaluation, projection of future plant 
uptake, contaminant inventory, comparison with applicable standards). Pluto- 
nium is one of the most commonly analyzed contaminants in soil. However, the 
limitatfons of sampling and analysis of plutonium in soil are many, as stated 
in NRC Regulatory Guide 4.5. Although concentrations of plutonium and other 
radionuclides in soil are generally readily detectable, the determination of 
their significance in terms of exposure to humans is 
able, except perhaps for the gamma emitters, such as b& ;; ;;;"I js(,~uan;;;;; 

fore, it is desirable to assess, document, and periodically reassess the 
distribution and fate of radionuclides in the environment, especially pluto- 
nium in soil samples. 

5.9.1 Soil Samblinq Location and Freauencv 

Background determinations shou7d be based on soil sampling and analysis 
at points corresponding to background (or control) air sampling locations. 
Where possible, soil sampling locations should be selected to coincide with 
air sampling stations, since the comparability of data may be important in 
achieving the objectives of the overall environmental sampling program. 
Except where the purpose of the soil sampling dictates otherwise, every effort 
should be made to avoid tilled areas or areas of unusual wind or precipita- 
tion influence when selecting soil sampling locations. An annual sampling 
frequency'is recommended for long-term accumulation trends. The sampling fre- 
quency of soil collected for purposes other than long-term environmental 
accumulation should be based on site-specific purposes and radionuclide half- 
life, with the purpose(s) and details documented. 

5.9.2 Soil Samolins Methods 

Several reports are available that should be used as guidance in sam- 
pling, preparing, and analyzing soil for plutonium (NRC Regulatory Guide 4.5; 
Fowler et al. 1971; Sill and Williams 1971), for radium (GJ/TMC-13; Meyer and 
Purvis 1985; Myrick et al. 1983), and for other radionuclides (ASTM 1986a: 
Mohrand and Franks 1982). In addition, Healy (1984) has proposed a standard 
for comparing observed to.allowable concentrations of plutonium. It is recom- 
mended that trends in local environmental radionuclide levels be determined 
through routine soil sampling. Surface soil sampling shou7d be conducted 
according to methods of NRC Regulatory Guide 4.5, ASTM (1986b), or HA%-300. 
Profile depths need to be established; ASTM C998-83 (ASTM 1986a) recommends 
profile depths of 30 cm to measure the total amount of a radionuclide depos- 
ited on the soil, during preoperational assessment, after a disturbance of the 
soil, and periodically as needed. Useful information about soil contamina- 
tion levels can also be obtained using in situ gamma-ray spectrometry. Esti- 
mates of individual radionuclide contributions in soil can be made from field 
spectra, such as those developed by Anspaugh et al. (1974), HASL-195, and 
HASL-256, and reported by Friesen in NV&213. The soil concentration esti- 
mates depend on distribution of radionuclides with depth, soil density, soil 
moisture, and chemical composition< 
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5.10 BASIS FOR SAMPLING WATER 

When liquid effluents are released to streams, rivers, or lakes, samples 
of these surface waters should be made according to the methods, locations, 
and frequencies specified in this section if the releases are projected to 
result in radiation doses exceeding the criteria given in Table 5-l. The 
principal exposure pathways to individuals and/or groups of individuals in the 
environment from waterborne radionuclides are consumption of fish and ducks 
(or other aquatic species), consumption of irrigated crops, and ingestion of 
drinking water. Of lesser significance is external radiation from surface 
water (swimming, water-skiing, boating}. Ground water may accumulate detect- 
able radioactive materials (particularly tritium) from liquid effluent storage 
systems (leakage) or discharges to surface water. Such accumulations are even 
more likely from facilities that discharge liquid effluents to the ground via 
cribs, pits, or trenches. Drinking water supplied from any source (surface or 
ground water) that receives effluents from nuclear facilities is a potential 
source of radiation exposure of humans. Experience at most DOE facilities 
(Hawley and Washburn 1985) indicates that waterborne radionuciide releases 
consist mostly of fission and activation products associated with reactor and 
supporting fuel-cycle operations. Routine laboratory analyses on water sam- 
ples should include those radionuclides, determined by pathway analyses, that 
represent a significant fraction of the potential dose from the water pathway 
bg., radiostrontium, gamma spectrometry) according to the radionuclides 
released from the site and other potential sources. Where documented 
operating experience and/or system design show that no release (or significant 
potential for a release} will be made to surface waters that could cause the 
dose criteria presented in Table 5-1 to be exceeded, this portion of the envi- 
ronmental surveillance program may be reduced accordingly. Potential for 
unplanned releases, including those caused by runoff, leaching, flooding, or 
resuspension, should not be overlooked in planning for monitoring. 

5.10.1 Water Sampl incl Locations 

The basic recommendations that follow should be applied at all DOE sites 
where radioactive liquid effluents are discharged to surface streams (acces- 
sible to the public). Special studies, examining site-specific ground-water 
and surface-water flows, may be necessary to establish preferential sampling 
locations for ponds or lakes. Therefore, detailed hydrological and radiolog- 
ical studies should be conducted for each site on streams, ponds, and lakes to 
establish the best sampling locations and frequencies to determine radiolog- 
ical doses. 

5.10.1.1 Surface Water 

Surface waters can be divided into two basic types; that is, those that 
are constantly moving (e.g., rivers and streams) and those that are not con- 
stantly moving (e.g., ponds and ?akes). The type of surface water must be 
considered when specifying surface-water sampling location requirements. 

Representative surface-water background samples from rivers or stream 
should be collected routinely at locations expected to be unaffected by site 
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operations (i.e., upstream locations). Such samples provide control data for 
comparison with data from downstream (potentially affected) indicator sta- 
tions. Care should be taken to avoid eddy currents. If the receiving stream 
originates onsite, a counterpart stream in the vicinity may be used to col- 
lect background samples. However, an investigation should be conducted and 
documented to show that the counterpart stream is independent of local influ- 
ence from radioactive materials. The other offsite sampling locations for 
surface water shou’ld be at the edge of the effluent mixing zone and at the 
nearest down-current point of withdrawal for domestic or other uses. Multiple 
sampling points, based on diffusion ana transport studies of the mixing zone, 
may be necessary to obtain a reliable estimate for that location. Sampling at 
the first downstream point of withdrawal for public use provides an upper 
estimate of the amount of radioactive material in the water supply (for drink- 
ing or irrigation) of the potentially affected population group(s). Samples 
should be taken on a traverse, at more than one depth, and at a minimum of 
four to six points equidistant across the stream flow. Each sample should 
represent no more than 10% of the total stream flow (i.e., at least 10 samples 
should be taken across the traverse). This sampling strategy may not be 
applicable for very small streams. Traverse studies shou7d be repeated when- 
ever a significant change occurs either in the types or quantities of radio- 
nuclides (actual or expected) released or in the flow regime of the stream 
(such as from the addition of hydroelectric or flood-control dams). 

Representative background samples from ponds or lakes shou7d be col- 
lected routinely for these surface-water sources at locations expected to be 
unaffected by site operations. Such locations shou7d be far enough from the 
point of discharge so that the facility effluent has no (or as little as 
possible) influence on the sample content. To provide that the latter is 
true, the distance from the discharge point shouid be chosen to be at least 
20% of the length of the pond or lake, given that, for small ponds or lakes 
and those with limited water turnover, it may be impossible to find a back- 
ground sample location unaffected by effuent discharge. Another possible 
solution is to sample from another nearby pond or lake with the same water 
source (i.e., fed by the same stream or located within a similar runoff 
regime). Such background samples provide control data for comparison with 
data from potentially affected indicator sampling locations. Care shou7d be 
taken to avoid eddy currents in the sampling location. If the receiving pond 
or lake is onsite, an offsite counterpart pond or lake may be used to collect 
background samples. However, in either case an investigation shou7d be 
conducted (e.g., collection of substanti'al hydrologic and surface-flow data) 
and documented to show that a different pond or lake from the one used for 
liquid effluents is independent of local influence from radionuclides of 
possible facility origin. 

Other offsite sampling locations for ponds or lakes shou7d be at the 
edge of the effluent mixing zone (based on dye or other local transport stud- 
ies) and at the nearest point of withdrawal for domestic or other uses. The 
close-in sampling location should be located near the discharge outfall, but 
beyond the turbulent area caused by the discharge. Multiple sampling points, 
based on diffusion and transport studies of the mixing zone, may be necessary 
to obtain a reliable estimate for that location. 
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Sampling a lake or pond at the nearest point of withdrawal (i.e., clos- 
est to discharge) for public use usually provides an upper estimate of the 
amount of radioactive material in the water supply (for drinking or irriga- 
tion) of the potentially affected population group(s). Samples should be 
collected at each location where water is withdrawn for public use. Samples 
on the traverse or axial sampling lines shou7d be taken at more than one depth 
and at a minimum of three to five equally spaced points along each of four 
radials. Traverse or axial studies should be repeated whenever significant 
change occurs either in the types or quantities of discharges or in the water 
level of the pond or lake. 

5.10.1.2 Drinkinq Water 

Drinking water may be supplied from surface-water sources or from 
ground-water sources. Thus, the drinking-water sampling Tocation require- 
ments are presented according to the type of drinking-water source that is 
available. 

The sampling location for drinking water derived from surface-water 
sources should be of the treated water at the point of maximum probable efflu- 
ent concentration in the surface water. Samples of untreated water from the 
same location shou7d also be taken to determine any removal by water treat- 
ment and to improve the reliability of dose estimates. If surface-water 
sampling and analytical results indicate that the dose criteria given in 
Table 5-l are not exceeded, further drinking-water sampling is not required. 
Such conditions shou7d be documented and periodically (at least annually) 
reviewed to determine that the potential doses are still below the criteria in 
Table 5-1. 

The sampling location for drinking water derived from ground-water 
sources shou7d be at the nearest domestically used well downgradient from the 
surface (crib, pond, lake, or stream) discharge point. Another well 
upgradient from the discharge point shou7d be used for the control or back- 
ground sample. When comparisons with control wells are conducted, the sam- 
pling stations shou7d be located in the same hydrologic unit. ff significant 
numbers of shallow wells are used domestically in the vicinity of the plant 
site, it may be necessary to sample several wells to determine which (if any) 
are affected by surface-water discharges from the site. 

5.10.1.3 Ground Water 

DOE 5400.1 requires that ground waters that may potentially be affected 
by DDE operations be monitored to determine and document the effects of such 
operations on ground-water quality and quantity and to demonstrate compliance 
with applicable Federal and State laws and regulations. The ground-water 
monitoring programs should be conducted onsite and in the vicinity of DOE 
facilities to 

l Obtain data for the purpose of determining baseline conditions of 
ground-water quality and quantity. 
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l Demonstrate compliance with and implementation of all applicable 
regulations and DOE Orders. 

l Provide data for the early detection of ground-water pollution or 
contamination. 

l Identify existing and potential ground-water contaminatfon sources 
and to maintain surveillance of these sources. 

l Provide data upon which decisions can be made concerning land dis- 
posal practices and the management of ground-water resources. 

The siting and number of ground-water monitoring stations shou7d be gov- 
erned by the nature of ground-water use and the location of known and poten- 
tial sources of pollution. When possible, existing wells and historical data 
shou7d be used. However, it is likely that new wells will be needed. Well 
siting should be directly related to pollutant pathways, but well locations 
must be chosen carefully and wells must be installed, developed. and aperated 
with care to prevent a new well from providing an avenue for pollutants to 
reach the aquifer. Quality control in well construction is essential. 
Predicting contaminant pathways requires a three-dimensional geologic, hydro- 
dynamic, and geochemical analysis. Mechanisms for subsurface pollutant dis- 
persal are not fully understood. The rate and extent of contamination are 
controlled by 1) the characteristics of the pollutant source, 2) the nature of 
the geologic formations in the saturated and unsaturated zones, and 3) the 
physical and chemical properties of the contaminants. Phenomena that affect 
the fate of a pollutant include capillary action, decay, adsorption, disper- 
sion, and diffusion. No comprehensive Federal statutes regulating ground- 
water quality and monitoring currently exist. Rather, ground-water require- 
ments are drawn from a number of distinct laws enacted to protect other 
resources or to regulate specific sources of contamination. Specific legis- 
:ation relevant to DOE nuclear operations includes the following: 

l Atomic Energy Act (AEA) of 1954, as amended by the Uranium Mill 
Tailings Radiation Control Act (UMTRCA) of 1978 

l Safe Drinking Water Act (SDWA) 

l Federal Water Pollution Control Act (FWPCA), as amended by the 
Clean Water Act (CWA) of 1977 

l Nuclear Waste Policy Act (NWPA) 

l Comprehensive Environmental Response, Compensation, and Liability 
Act (CERCLA), as amended. 

In addition to Federal statutes that authorize programs ant activities 
for ground-water protection, many States are also developing and implementing 
ground-water policies, statutes, and strategies. Often States have the 
authority or "primacy" to administer several Federal environmental 'laws. 
Under this authority, States may, and often do, impose more stringent require- 
ments than the Federal government. In many States, State agencies, regional 
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authorities, and loca'l governments share responsibilities for protecting 
ground water. Contaminants covered by ground-water quality standards vary 
from State to State, and about half of the States have adopted or proposed 
some type of classification system for ground water. Thus, it is important 
that DOE Operations Office and contractor staff work closely with State and 
regional agencies when determining the specific monitoring requirements for 
each facility. 

5.10.2 Water Samplinq Freauency 

For drinking-water systems, the sampling frequency and volume shou7d be 
chosen to provide adequate sensitivity for the analysis using the general cri- 
teria given in Table 5-l. At least 50% of the data should be greater than the 
minimum detectable level for all water analyses used for dose calculations. 

5.10.3 Water Samnlinq Methods 

Since most water measurements are made on samples taken in the environ- 
ment and returned to the laboratory for analysis, the two major concerns in 
water sampling are the collection of a representative sample and the mainte- 
nance of radionuclides in their original concentrations before analysis. The 
general problem of the measurement of radioactive material in environmental 
water is discussed by Kahn (1972); water sampling procedures are also dis- 
cussed in APHA (1985), ASTM (1986b), and EPA (EPA 625/6-74-003) manuals. 

5.10.3.1 Water Samole Collection 

Waste management practices often result in periodic or batch discharges 
of liquid wastes, rather than a continuous release. The following factors 
should be considered when selecting water sampling equipment: 

l Probability of significant fluctuations in concentration of the 
water sampled 

l Potential for significant human impact (dose) 

l Potential for contaminating the environment 

l Applicability to radionuclide(s) of interest. 

The recommended practice for surface- and drinking-water samples is 
automated continuous sampling followed by analysis of the unfiltered sample. 
When the data are to be used for dose calculations, the method should use a 
fixed-time sampling frequency, similar to that by which water is withdrawn for 
human consumption. (If the data therefrom are to be used for radionuclide 
transport or inventory purposes, these samples shau7d be taken with tinting 
proportional to flow rate.) When circumstances prohibit this type of auto- 
mated continuous sampling (e.g., power restrictions, prohibitive pumping 
requirements, freezing temperatures, etc.), compositing shou7d be performed by 
manual collection on a frequency based on effluent release and on information 
on the receiving body of water. An acceptable scheme is weekly grab samples 
of surface water composited for monthly analyses and daily grab samples of 
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drinking water composited for weekly or monthly analyses. Because the flow of 
most ground-water systems is on the order of centimeters to meters per day 
(compared with tens.or even hundreds of kilometers per day for surface stream 
flows), periodic grab sampling of ground water should be sufficient. Unless 
circumstances prohibit, ground-water grab sampling should be done by pumping, 
either with a pressure air lift or‘with a submersible pump. In either case, 
the pump shou7d be operated for a length of time sufficient to obtain a repre- 
sentative sample of water in the aquifer, To approximate conditions at the 
tap, finished drinking water conditions may require filtering of ground-water 
samples to remove well-casing effects. 

5.10.3.2 Sample Size 

The size of water samples will be determined by the analytical proced- 
ures (see Chapter 7) to be used. A 3.5-L (approximately l-gal) sample is 
usually minimal for other than tritium or gross activity measurements. The 
sample volume must be increased where splitting of samples for replicate anal- 
ysis or individual radionuclide determinations is planned. 

5.10.3.3 ReDresentative Samolinq 

Natural waters are frequently two-phased systems (i.e., solid materials 
are suspended in or floating on the water). Therefore, all surface-water 
samples should be carefully taken from beneath the water surface to avoid 
floating debris and any bottom sediments or growths. The soluble fraction 
provides an indication of possible stream.transport, while the insoluble 
fraction can be used as an indication of potential sedimentary material. So 
that data are comparable, both fractions should be added in reporting the 
total concentration. Filtration of ground-water samples is recommended 
because suspended material is usually an artifact of the sampling process 
{well-casing particles and dirt near water-soil interface} and is not repre- 
sentative of the ground water. Caution shouid be exercised to prevent water 
samples from different locations being cross-contaminated by reuse of sampling 
containers. When obtaining surface-water grab samples, the sample container 
should be rinsed twice with the water being sampled before the actual sample 
is taken. When extracting aliquots from a larger water sample, extra effort 
should be taken to provide that the aliquot is representative of the entire 
sample. 

5.10.3.4 Sample Preservation 

Continuing biological and chemical action in the sample during and after 
collection can cause changes in chemical form, deposition on container walls, 
and removal of radioactive material from solution by biological growths. 
Known phenomena include the following: 

l Cations, at very low concentrations, can be lost from solutions 
b.g., cesium can excnange with potassrum in the container 
WaWl. 
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l Radionuclides can be absorbed by algae or slime growths in sample 
lines or on container walls, especially in sample containers that 
remain in the field for extended periods. 

l Hydrolysis and sorption on container walls or on particles in the 
water can occur at low acidities (typical of many natural waters). 

6 Radiocolloidal phenomena may result in large flocculent particle 
formation or additional plate-out on container walls. 

. Pretreatment may induce change in nuclide distribution (e.g., acid- 
ification can leach suspended particles in the original sample so 
that more radioactive material appears in solution). 

l Acids used as biocides can oxidize iodide to iodine, resulting in 
its volatilization. 

l Acids may quench standard liquid scintillation cocktails. 

. A change in counting geometry may occur for gamma-ray counting if 
finely divided particulate activity settles out or if soluble 
species become fixed on the container walls during counting. 

Methods for Chemica.1 Analysis of Water and Wastes (EPA 625/6-74-003), 
Section 11 of the Annual Book of ASTM Standards (1986a), the Environmental 
Measurement Laboratory (EML) Procedures (HASL-300), and the Radiological and 
Environmental Sciences Laboratory procedures (ID&12096) shou7d be used for 
sample preservation, storage, and analysis methods. The first two references 
list various preservative methods and permissible storage times for water sam- 
pl es according to chemical species, while the ASTM (1986b) and EML (HASL-300) 
manuals provide methods for measurement of radioactivity and specific radionu- 
elides. Radioiodine analyses shou3d not be performed on an acidified sample 
because organic forms may be tranformed to elemental forms that are more 
volatile. 

5.10.4 Settleable Solids in Effluent Discharoe 

DOE Order 5400.5, Chapter II, paragraph 3a(4) requires that the radio- 
activity in the settleable solids in liquid discharge streams be limited to 
5 pCi/g above background for alpha-emitting radionuclides, and to 50 pCi/g 
above background for beta- and gamma-emitting radionuclides. The following 
method should be used to determine the radioactivity of settleable solids: 

1. Use Standard Method 209 E, 3.b. gravimetric (APHA 1985) to determine 
settleable solids (SS) in mg/L in the water sample. This method refers 
to Method 209 C for determining both the total suspended solids (TSS) 
and vnsettleable solids (FISS). Retain the solid fractions of the TSS 
and .tSS samples for later radioactivity measurements. 

2. Determine the radioactivity of alpha-emitting radionuclides in pico- 
curies per gram and the radioactivity of beta-emitting radionuclides in 
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picocuries per gram in the recovered solid fraction of each of the TSS 
and NSS samples. Use the recommendations found in Section 6.4. 

3. Determine the gross activity concentration of the settleable solids, 
using information obtained above and the equation 

ASS t &SS ' ATSS) - t"NSS ' ANSS) 

'TSS - MNSS 

where Ass = activity concentration of settleable solids, pCi/g 

MT ss - mass concentration of total suspended solids, mg/L 
ATss - activity concentration of total suspended solids, 

% - mass concentration. of nonsettleable solids, mg/L 
pCi/g 

AN 

ss 
ss = activity concentration of nonsettleable solids, pCi/g 

4. Since the sedimentation standard is presented as net settleable solid 
radioactivity, the activity of background settleable solids must be 
subtracted from the sample SS activity. Determine the background 
radioactivity from an appropriately selected background water sample, 
using the same methods and equation. 

Direct environmental monitoring of sediments, as required under the site 
Environmental Monitoring Plan, will further verify that radionuclides are not 
accumulating. 

5.11 BASIS FOR SAMPLING AOUATK FOODSTUFFS 

Aquatic foods, including local fish, shellfish, and waterfowl, are eaten 
in relatively large quantities by residents of some regions of the country. 
Aquatic plants are not normally a component of the human diet in the United 
States. However, there are exceptions; for example, along the California 
coast a particular species of seaweed is harvested and processed into a thick- 
ener for foods, such as milkshakes. Aquatic plants can be vectors in the 
water-plant-animal-human pathway. If the preliminary analysis indicates that 
the potential annual EDE from ingestion of aquatic foods is 5 mrem or greater, 
then sufficient sampling and analysis shou7d be carried out to provide that 
the foods and radionuclides contributing at least 90% of this ingestion dose 
have been evaluated. If the potential annual EDE is between 1 and 5 mrem, 
then sufficient sampling and analysis shou7d be carried out to provide rea- 
sonable assurance that the doses are in this range. Uhen the annual EDE is 
potentially between I and 0.1 mrem, then sufficient surveillance shou7d be 
done to show that the radionuclides are behaving in the environment as 
expected. Only one generic concentration ratio for aquatic organisms (pCi/kg 
organism per pCi/L water) is less than 1; namely, 0.5 for uranium in marine 
plants. As a result, any radionuclide present in the water will be present in 
aquatic organisms, and most, but not all, radionuclides detectable in water 
will be present at detectable concentrations in the organism. Aquatic 
organisms, sediments, and other predictive environmental media should be 
sampled and analyzed at least annually to provide compliance with the interim 
aquatic biota limit of 1 rad/day. The required sampling program is to be 
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determined on a case-by-case basis considering such factors as the estimated 
dose as determined from measured concentrations in organisms or predictive 
environmenta media in comparison with the limit and any variation behavior of 
the contaminants involved. 

5.11.1 Freshwater Foods 

If the aqueous effluents are discharged into a surface body of fresh- 
water (pond, lake, stream), then the background sampling point sCloo7d be far 
enough from the discharge point for radionuclide concentrations in the water 
and sediment to be unaffected by the effluents. The indicator sampling loca- 
tion shouid be downstream of the discharge point(s) at a location in which the 
water is determined to be well-mixed (e.g., based on water-sample traverses). 
In choosing the locations to be sampled, consideration shouWbe given to the 
possible migration of fish between upstream and downstream locations. Special 
permits from State fish and wildlife agencies are usually required for fish, 
shellfish, and waterfowl sampling for monitoring purposes. Concentrations of 
many elements in freshwater are highly site-dependent. This variation can 
affect the observed concentration ratios of radionuclides of these or biolog- 
ically similar elements in freshwater organisms. (Except in estuaries, the 
elemental composition of seawater is relatively constant, and the concentra- 
tion ratios of radionuclides in marine organisms are not nearly so site- 
dependent as they are for freshwater organisms.) 

5.11.1.1 Fish 

The species of fish likely to contain the highest concentrations of 
radionuclides are those that feed at or near the bottom and do not migrate 
very far from the places having the highest water or sediment concentrations. 
These spectes are useful as indicator organisms for monitoring trends in 
aquatic contamination levels. However, they may not always be the ones that 
are consumed at the highest rate by the local population. Studies of fishing 
pressure and fish consumption, coupled with preliminary radiochemical analysis 
of the different types of available fish, shou7d be used to define the proper 
species to monitor for the purposes of dose calculation. 

Fish can be collected by using nets or rod and reel, or they can be pur- 
chased from commercial sources, if their origin can be determined. For use in 
dose calculations, the edible portions of the fish as prepared for human con- 
sumption shou7d be analyzed. In most instances, that includes only the mus- 
cle. However, the whole fish should be analyzed If it is used for preparation 
of fish meal or fish burgers. It is also appropriate to analyze the whole 
fish when the data are used for trend indication. If fish are the critical 
pathway, then they should be analyzed by species. On the other hand, if the 
results are to be used as trend indicators, then the fish may be grouped by 
type for analysis (e.g., bottom feeders, insectfvores, or predators}. 

The following factors should be considered when determining the fre- 
quency of samplfng: variability of the radionuclide release rates; seasonal 
variations in the feeding habits of the fish and in the avai'lability to con- 
sumers; and, if the freshwater habitat includes a flowing stream, the varia- 
bility in the stream flow rate. 
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YH ides of potential interest in fish include 3H, 32P, 33P 65Zn, 
Cs. Although the concentration ratio for 3H is only I,'it is 

often present in high concentrations in aqueous effluents. Strontium-90 might 
be of importance in sjyples o$3whole fish, since it concentrates mostly in 
bones. Phosphorous ( P and P) concentrates in fish flesh, as well as in 
bones. The sample size required for analysis will vary from 1 kg to several 
kilograms, depending on the specific radionuclides being measured and their 
concentrations. 

5.11.1.2 Shellfish 

Freshwater shellfish are usually not a significant diet item. They may, 
however, be eaten by some individuals in certain specific regions of the 
United States. A preliminary pathway analysis will determine if shellfish are 
a potentially important contributor to the EDE that mfght be received by 
residents of the region. Shellfish include mollusks, which live in or on the 
sediment, and crustacea, such as freshwater crayfish, which live on or near 
the bottom. Decisions on sampling locations and frequencies involve the same 
types of considerations as discussed above for fish (i.e., variability of 
radionuclide concentrations in water and sediment and Inclusion of upstream 
and downstream locations}. Radionuclide concentration ratios are generally 
higher in invertebrates than in fish, and in some cases significantly higher. 
Radionuc 'des f p enti incl”de jt, 3Qp ggco iQtg;;t &Qqpr mo11usks and crustace? 

Ru, and the rare earth radlo- 
elements. i l- ir 2-k; smpie is Aormaliy sufficient for analysis. Samples 
of shellfish may have to be purchased commercially to avoid the difficulties 
associated with field collection. 

5.11.1.3 Waterfowl 

Waterfowl, such as ducks and geese, may acquire radionuclides from their 
food sources. Some species are bottom feeders angotend6So accumu{#e those 
radionuclides associated with sediments, such as Co, Zn, and Cs. 
Others feed predominantly on surface plants, ins@s,3gr f&h. &pending on 

fi!l(i 
specific diet, these species may accumulate P, P, Zn, Sr, and 

cs. 

The migratory habits of waterfowl species vary widely. Some may be 
year-round residents of the local waterways (and effluent ponds). These are 
usually species that are less desirable to hunters. Others may migrate long 
distances, and the limited amount of time spent in the local area may not be 
enough to cause significant contamination of their flesh. Because of these 
variables, it is often difficult to predict which specfes is most important in 
terms of potential exposure to local hunters. 

The preliminary pathway analysis shou7d include consideration of the 
amount of waterfowl hunting, if any, in the local area and the number of birds 
shot. It shou7d be remembered that even though some Individuals may harvest a 
relatively large number of waterfowl, the collective EDE to the local popula- 
tion from waterfowl consumption may still be small. If the potential EDE is 
significant, a minimum of two or three btrds of each type (bottom feeders, 
plant eaters , and fish eaters) shou7d be sampled during hunting season. The 
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most comon method of collecting waterfowl i 
migratory, nongame species can occasionally 
tamination trends. 

s by hunting. Sampling of non- 
provide useful information on con- 

During preparation of the samples for a nalysis, care shou7d be exercised 
not to contaminate the edible portions with radionuclides present on the 
external surfaces of waterfowl. Analysis shou7d inc'lude the radionuclides 
listed above plus any others that prove to be of special concern at a specific 
site. 

5.11.2 Marine Foods 

Sites that are located on the seacoast, an estuary, or a river upstream 
of an estuary shou7d include consideration of the potential consumption of 
contaminated marine foods, such as sports and commercial fish and shellfish, 
in their preliminary pathway analysis. The considerations discussed for sam- 
pling of freshwater aquatic foods also apply to marine foods. These 
considerations include sample size and radionuclides of potential interest. 

Sports fish and shellfish will be of interest primarily for calculation 
of radiation doses to the maximally exposed individual, while commercial 
seafoods are of interest for estimating the collective dose. Once again, it 
is important to document the origin of the commercial samples. It may be 
necessary to track the path of an effluent plume or contaminated river for 
many miles along the seacoast to identify the important locations for shell- 
fish sampling. Arrangements can usually be made to buy seafood harvested at 
known areas from local packing houses. 

Certain marine fish, such as salmon and tuna, that migrate over large 
areas of the ocean will not normally be measurably contaminated from aqueous 
effluents discharged along the shore or reaching the coast line. If they are 
found to be contaminated, it might be difficult to determine the exact source 
of radionuclides detected in them. 

5.12 BASIS FOR SAMPLING SEDIMFNT 

The sampling of sedimentary material from streams or ponds can provide 
an indication of the accumulation of undissolved radionuclides in the aquatic 
environment. The accumulation of radioactive materials in sediment can lead 
to exposure of humans through ingestion of aquatic species, through sediment 
resuspension into drinking-water supplies, or as an external radiation source 
irradiating people fishing, wading, or sunbathing. Hence, the sampling and 
analysis of sediment, or the measurement of the external radiation emanating 
therefrom, provide indications of the potential for human exposure from these 
indirect pathways. Because of the accumulation of contaminants, sediment sam- 
pling is a more sensitive indicator of waterborne radionuclides than water 
sampling or, for some aquatic species, aquatic biota sampling. This sensitiv- 
ity is especially true for radionuclides that are not significantly accumu- 
lated by fish or shellfish. Sediment sampling is particularly appropriate for 
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&St 0~0~~ $nggranics (especially 

135;; ' 

23gPu); such activatiob5product 
Zn; and several fission products such as Zr-Nb, 13%~% 

. 

5.12.1 Location and Freauency 

The need for sediment sampling and the choice of locations and frequency 
should be based on site-specific evaluations. These evaluations shou7d con- 
sider the potential for offsite exposure of humans, as well as the potential 
dose to onsite or offsite aquatic organisms. Sediment samples are normally 
taken to detect the buildup of radionuclides by sedimentation. Sediment sam- 
pling locations shou7d be based on the type of surface water receiving site 
liquid effluents. For moving bodies of water, such as streams or rivers, 
sediment sampltng locations should include an upstream site beyond any possi- 
ble facility influence and two downstream locations. The two downstream loca- 
tions should be located such that one is near the discharge site and the other 
is in an area that favors sedimentation, such as the inner bank of a bend in 
the stream or river (ORP/SID 72-2), the region of a freshwater-saltwater 
interface, or at a dam impoundment. If liquid effluents from a nuclear facil- 
ity are discharged to a lake, pond, or arroyo, a sediment sample shou?d be 
taken near the outfall but beyond the turbulent area created by the effluents. 
Because sediments are usually not in a critical exposure pathway, an annual 
frequency for sediment sampling shou7d be sufficient. For rapidly moving 
streams (e.g., rivers), sediment sampling shou7d be considered in conjunction 
with the spring freshet (i.e., just before or just after), if one occurs 
locally. For arroyos, the sampling should take place after cessation of water 
flow (i.e., upon first drying in the spring). For ponds or lakes, the timing 
of sediment sampling should be considered on a site-specific basis, but nor- 
mally at about the same time each year. 

5.12.2 Sediment Samnlinq 

Samples of deposited sediments in water can be collected manually (by 
hand in shallow water or by diving in deeper water) or mechanically (by dredge 
or with a core sampler). The manual methods are recommended where conditions 
permit, because the location and depth of the sample can be well-defined. The 
dredge and coring methods use a sampling device dropped from a boat that is 
activated when the device contacts the sediment (benthos). 

Except for cases where an inventory estimation is desired, representa- 
tive surface (top 5 to 10 cm) sediment samples shou7d be collected along with 
water depth and stream flow (or pond/lake elevation) data at the time of sam- 
pling. Characteristics of the sample, such as particle-size distribution, 
sediment type, stream type (i.e., intermittent, creek, pond, river, reservoir, 
etc.), ion-exchange capacity, and organic content, may be useful for proper 
interpretation of the analytical results. 

Every few years, core samples shouid be taken in areas in which sedi- 
ments have been most heavily deposited to determine the profile of the 
historical depositions and to determine trends and changes in control of 
effluents and their impacts. 
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All sediment samples should be oven-dried, homogenized (by grinding and 
blending, as appropriate in accordance with procedures used) and the radio- 
analytical results reported on the basis of activity per unit dry weight (g or 
kg)- To prevent cross-contamination, thorough cleaning of equipment between 
samples is necessary. Portions of the detailed EML procedures (HASL-300) for 
preparing soil samples for analysis are equally applicable to sediment 
samples. 

5.13 OUALITY ASSURANCF 

As they apply to environmental surveillance activities, the general 
quality assurance program provisions of Chapter 10 shou7d* be followed. Spe- 
cific quality assurance activity requirements for the site's environmental 
surveillance program are to be contained in the Quality Assurance Plan asso- 
ciated with the facility. 
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6.0 LABORATORY PROCEDURES 

The establishment of good laboratory practices is paramount to obtaining 
quality results from samples collected under the effluent monitoring and 
environmental surveillance program specified in DOE 5400.5. Laboratory pro- 
cedures and practices should* be documented in the site Environmental Moni- 
toring Plan (in compliance with DOE 5400.1) to show 

. 

6.1 

Sample identification systems 

Cross-contamination prevention measures 

Sample preservation and handling practices 

Analytical methods (standard methods) 

Modifications to any standard analytical methods 

Analytical capabilities (in-house and outside analytical contract 
capabilities) 

Equipment-calibration and reference-source {check-source) practices 
(including procedures, frequencies, and methods for tracking/ 
managing) 

Other quality assurance procedures. 

SUMMARY OF LABORATORY PROCEDURE REOUIREMENTS 

The summary presents the laboratory measurement procedural requirements 
necessary for a DOE site. A site does not have to maintain a full labora- 
tory, but it does need to have the necessary laboratory capabilities avail- 
able to it. 

6.1.1 Samole Identification Svstem 

Each monitoring and surveillance organization should* have a sample 
identification system that provides positive identification of samples and 
aliquots of samples throughout the analytical process. The system shou?d* 
incorporate a method for tracking all pertinent information obtained in the 
sampling process. 

6.1.2 Procedures Preventinq Cross-Contamination 

To prevent incorrect analysis results caused by the spread of contamina- 
tion among samples, each laboratory shou?ci* establish and adhere to written 
procedures to minimize the possibility of cross-contamination between sam- 
ples. High-activity samples shou7d* be kept separate from low-activity sam- 
ples. In addition, the integrity of samples shou7d* be maintained; that is, 

6-l 



the degradation of samples should* be minimized by using proper preservation 
and handling practices that are compatible with the analytical methods used. 

6.1.3 Documentation of Methods 

To provide that the analyses performed are consistent and of the highest 
quality, specific analytical methods shou7d* be identified, documented, and 
used to identify and quantify all radionuclides in the facility inventory or 
effluent that contribute IO% or more to the public dose or environmental con- 
tamination associated with the site. Standard analytical methods should* be 
used for radionuclide analyses (when available), and any modification of a 
standard method(s) shou7d* be documented. In addition, methods, requirements, 
and necessary documentation shou7d* be specified in any analytical contracts 
established with outside laboratories. 

6.1.4 Gamma-Emittins Radionuclides 

All sites that release or could release gamma-emitting radionuclides 
shoo?d* have the capability (either in-house or outside) of having samples 
analyzed by gamma-ray spectroscopy systems. This requirement applies to all 
samples whether they are routine, special, or emergency samples. 

6.1.5 Calibration 

Counting equipment should* be calibrated using: at a minimum, the 
calibration frequency reconendations of-the manufacturers so that accurate 
results are obtained. In addition, check sources shou?d* be counted periodi- 
cally on all counters to verify that the counters are giving correct results. 

6.2 HANDLING OF SAMPLES 

To comply with the sample-identification system requirement, all perti- 
nent information on the samples and their analysis shou7d be recorded in a 
permanent laboratory record book and/or computer system with hardcopy backup. 
The sample identification number should enable tracking of the exact location 
of the record entry or computer file and indicate the chain of custody for the 
samples. 

6.2.1 Measurement (Screenins) of Activity Levels Using Monitoring Eauioment 

Environmental samples collected in the vicinity of nuclear facilities 
could have widely ranging levels of radionuclides. They could also have radi- 
onuclide contamination in forms and levels that could contaminate materials 
and equipment with which they come in contact. Therefore, except for control 
samples or samples that historically have had very little or no activity, such 
environmental samples shou7d be surveyed to determine activity leveis and to 
detect transferable contamination before they are brought into the laboratory. 
Special precautions, such as the use of lead shielding or extra PVC bags, 
shou7d be taken with samples that show elevated activity levels. 
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6.2.2 ShioDina. UnDackinq, and Renackaqins of Samnles 

Samples that are sent offsite for analysis or for laboratory intercom- 
parison shou7d* be monitored for contamination and radiation levels and 
packaged in a manner that meets applicable transportation regulations and 
requirements. Samples that have been prepared with nitric acid may be 
considered to be hazardous substances and shou7d be transported accordingly. 
Samples that show measurable surface contamination shou7d be repackaged in 
uncontaminated containers before they are brought into the laboratory. This 
repackaging is necessary to prevent the spread of contamination or the loss of 
sample constituents. Even samples that do not show measurable surface 
contamination, using survey instruments, can have activity levels that can 
result in serious contamination of laboratories and counters. Also, sample 
containers prepared in the field are often poorly sealed, which can result in 
portions of the sample leaking out of the container. Therefore, all inade- 
quately packaged samples shouid be repackaged before they are brought into the 
laboratory. The repackaged samples shou7d be packaged in at least double con- 
tainers to prevent contamination if one of the containers leaks. The outer 
container shouid be handled only by a person who has had no contact with the 
sample or other contaminated materials. For example, a water sample can be. 
sealed in a plastic bottle by a person who is believed to be uncontaminated. 
The bottle can then be placed into a plastic bag held by a person who has had 
no contact with the sample or other radioactive materials. The plastic bag 
should then be sealed airtight. In cases where the samples could have high 
levels of radioactivity, it would be prudent to heat-seal the bottle and 
plastic bag in another plastic bag to help prevent the escape of radioactive 
materials from the package. 

6.2.3 Prevention of Cross-Contamination 

High- and low-activity samples shou7d be treated in different laborato- 
ries, or at least in separate, distinct locations of the laboratory. The 
measurements made during sample screening with survey instruments should be 
among the criteria used to determine which laboratory (location) will receive 
the sample. Laboratory glassware that has been used in processing highly 
radioactive samples shou7d be appropriately discarded and not reused. A clean 
material, such as bench paper, should be used to cover laboratory benches 
before processing a set of samples. Periodic surveys of gross activity levels 
in the laboratory shou7d be conducted to detect any contamination that might 
occur. Detected contamination should be removed by proper decontamination 
practices. Following physical and chemical treatment of the original samples, 
the resulting samples shou7d again be sealed in plastic bags before being 
transported to the counting room for counting. 

6.2.4 Selection of Samole Sizes According to Gross Beta and Gross Aloha 
Activities 

The size of the sample counted will depend on the activity of the sample. 
If the activity of the sample is near background levels, it could be neces- 
sary to count as large a portion of the sample as is practical for as long as 
is practical to obtain measurements with the desired degree of sensitivity and 
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precision. Other samples may produce counting rates that are too high for the 
counter, producing coincidental readings that are inaccurate. These will 
produce artificial peaks with energies that are the sum of the energies of 
other peaks. 
dead times. 

Very high counting rates can also produce unacceptable counter 
In this case, it may be necessary to count only a small (repre- 

sentative) portion of the sample for a short period of time. Gross beta, 
gross alpha, and gross gamma measurements shou7d be used to determine the most 
suitable sample size. 

6.2.5 Preparation of Samules 

The chemical separation procedures, if any, that will be necessary to 
prepare samples for counting will depend on the nature of the sample and the 
radiation emitted by the radionuclide of interest. Radionuclides that emit 
gamma radiation will generally not require chemical separations, but alpha or 
beta emitters generally will. Chemical separations should be avoided when- 
ever possible because of the time and expense involved and because of the 
errors that can result from radionuclide losses during chemical separations. 
Carriers and/or tracers shou7d be introduced at an early stage of any proce- 
dure requiring chemical separations under conditions that will maximize iso- 
topic exchange so that chemical yields can be calculated. The following 
subsections present the general types of separation procedures that might be 
required for different types of samples. 

6.2.5.1 Air 

Atmospheric concentrations of radionuclides attached to (or in the matrix 
of) aerosol particles should be measured by directly counting air-filter sam- 
ples using low-background detector systems without any chemical separation. 
Photon emitters shou7d be measured directly using germanium diodes without 
chemical separation. Chemical separations shou7d be used only in cases where 
the concentrations or the photon energies are very low. If the particulate 
material is collected on the filter surface, the deposit does not become too 
thick, and interfering radionuclides are not present, then concentrations of 
alpha emitters shou7d be measured directly from an air filter using alpha 
spectrometers. Samples collected using membrane filters shou7d be counted 
directly for alpha emitters because membrane filters collect particles on the 
surface. However, the air flow rate that is possible through membrane fflters 
is much less than that through fibrous filters, which causes the membrane fil- 
ter to plug more rapidly. Therefore, alpha emitters that are present in low 
concentrations in the atmosphere often cannot be detected using membrane fil- 
ters. Samples containing low concentrations of alpha emitters shouid be col- 
lected at high flow rates on fibrous filters and chemically separated before 
counting. High concentrations of naturally occurring short-lived radon and 
thoron decay products on air-filter samples can seriously affect the measure- 
ment of other radionuclides. The concentrations of the thoron decay products 
are generally I to 3 orders of magnitude lower than those of radon decay 
products. The short-lived radon decay products decay with an effective half- 
life of about 30 minutes, and the thoron decay products decay with a half- 
life of about 11 hours. Therefore, air-filter samples should be allowed to 
stand several hours before counting to allow the radon decay products to 

6-4 



decay, or several days to allow both radon and thoron decay products to decay, 
rather than chemically separating the radon and thoron decay products. #any 
radionuclides in the atmosphere are in the gaseous phase and are not attached 
to (or in the matrix of) aerosol particles. These radionuclides are measured 
in whole air samples, in samples collected in cold traps, or in materials that 
have been used to chemically or physically absorb the radionuclides from the 
air. Unless the concentrations are too low, photon-emitting radionuclides 
collected on absorbent materials can be measured directly without chemical 
separation. Alpha and beta emitters generally require chemical separations. 
Noble gases are usually present in the gaseous effluents of nuclear facili- 
ties, such as nuclear reactors and fuel reprocessing plants, and are typically 

T~~~"~~d4i~rwh93~X~ira~~~~~s' For reactors, the shorter-lived radionuclides 
Xe will usually be the most important. Irradiated 

fuels are tyiically'stored 6 moB&hs or more before reprocessing, so only the 
longer-lived nuclides, such as Kr? are expect 
went around a reprocessing plant. Krypton-85, $?A;; 9~~~~unlanl~~%e~~~n- 

~~f~~~~dop2Bq~ao~o~~~ing. For facilities involving & or thorium, the 
Rn will need to be consIdered. 

6.2.5.2 Water 

A major concern in the measurement of radionuclides in water is the pres- 
ervation of the samples before counting, especially if the distribution of 
radionuclides between an aqueous and a solid phase is desired. Continuing 
chemical and biological action in the samples can cause changes in the chem- 
ical and physical form, deposition on the container walls, and removal of the 
radionuclides to biological growths. Phenomena that shou7d be considered 
include 

1) Ion exchange of cations between the sample and the container walls 
(cesium, for example, can exchange with potassium in glass) 

2) The absorption of radionuclides by algae or slime growths on con- 
tainer walls or particulate materials 

3) The hydrolysis and resulting sorption of radionuclides on container 
walls or particulates (this is especially likely at the low acidi- 
ties typical of natural waters and some process streams) 

4) The formation of large flocculent particles from radiocolloids 
resulting in additional plate-out 

5) Change in the distribution of radionuclides between aqueous and 
solid phases as a result of sample pretreatment (e.g., acidification 
leaching radionuclides from suspended particles) 

6) The conversion of iodides to iodine by biocides, followed by the 
loss of iodine by vaporization 

7) The quenching of liquid scintillation cocktails by acids 
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8) The change of counter geometries by the settling of particles or by 
their fixation on container walls. 

The report EPA 625/6-64-003 lists various preservation methods and 
permissible storage times for water samples according to chemical species. 
Current practice at most nuclear installations is to predose the sample con- 
tainer with an acid [typically 2 to 3 mL concentrated H2S04 or HN03 (depend- 
ing on compatibility with subsequent chemistry) per liter of sample], to 
inhibit biological growth and plate-out of dissolved ions on the container 
wall. Pretreatment of the sample container with a salt solution of the same 
chemical species as the radionuclide to be measured can help minimize wall 
adsorption. Keeping the sample container refrigerated and shielded from light 
inhibits biological growth. Filtration during sample collection can be effec- 
tive for some situations. The radioanalytical procedures to be used and the 
purpose of the measurements shou7d govern what, if any, pretreatment is used, 
because the procedures can be adversely affected by additives used to preserve 
other radionuclides. Optimum preservation procedures shou7d be determined by 
local testing. The concentrations of gamma-emitting radionuc?ides in whole 
water samples should be measured directly by gamma-ray spectrometry, if such 
concentrations are high enough for determination. For accurate measurements, 
the radionuclide distribution shou7d be uniform throughout the sample. If 
solids settle out of the sample, the geometry of the sample is changed, which 
makes it necessary to filter the water and count both the filter and the fil- 
tered water. If the distribution of the radionuclides between the solid and 
the aqueous phases is desired, the water sample shou7d be filtered during or 
as soon as possible after collection, before acidification, and the water and 
filter counted separately. If additional precipitate develops later, the 
water shou7d be filtered again just before counting. However. the precipi- 
tate in this case should still be considered to be part of the liquid phase. 
If concentrations of gamma emitters are too low to be measured in the whole 
sample, the sample shou7d be concentrated by evaporation or placed in a 2-Pi 
counting configuration to maximize detector efficiency. If the concentrations 
are still too low to be measured in an evaporated sample, or if beta or alpha 
emitters are to be measured, the radionuclides to be measured should be chemi- 
cally separated using procedures that will be determined by the radionuclides 
required. 

6.2.5.3 Soil and Sediments 

Since the water content of samples can vary widely, soil and sediment 
samples shou7d be dried according to procedures that have been established for 
the measurement program, and the measured radionuclide concentrations reported 
on a dry-weight basis. Oven-drying temperatures ranging from 80°C to 130% 
can be used; however, a fixed temperature, such as llO%, shou7d be used for 
all samples. The oven temperature should be set according to the substance 
being analyzed for; e.g., use an oven temperature of lOO-105°C for samples 
containing volatile organic compounds. Freeze-drying (drying under vacuum) Ss 
an excellent but expensive alternate method for drying samples. It is espe- 
cially useful for large samples that contain considerable organic matter, 
which could undergo combustion during oven-drying. The loss 3f radionuclides 
by volatilization and by frothing and spattering during drying is also 
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minimized by freeze-drying. Soil and sediment samples can be counted directly 
for some gamma-emitting radionuclides if the concentrations are high enough. 
However, to obtain accurate results, the samples should be homogeneous. So 
that soil samples are homogeneous, they should be ground to a small particle 
size and homogenized before counting. To determine the particle size dis- 
tribution of the radionuclides, sieves can be used to separate the original 
sample into particle-size fractions. Small rocks and pebbles shou7d be 
separated from the sample before counting. Radionuclides of interest in soil 
and sediment samples shouid be chemically separated where necessary to obtain 
the desired sensitivity. High concentrations of gamma-emitting radon and 
thoron decay products in soil can interfere with the measurement of Tow con- 
centrations of other gamma-emitting radionuclides. Alpha and beta emitters 
cannot be measured directly, unless they are present in high concentrations, 
because of the short range of the alpha and beta particles and the high con- 
centrations of alpha and beta emitters in the uranium and thorium decay 
chains. 

6.2.5.4 Biolosical Materials 

In some cases gamma-ray spectrometers can be used to measure gamma- 
emitting radionuclides in biological samples without performing chemical sep- 
arations. Where appropriate, freeze-drying can be used to decrease the weight 
of the sample. However, when large amounts of biological material are pres- 
ent, wet- or dry-ashing and chemical separations should be performed before 
counting the samples, especially in the case of alpha- or beta-emitting radio- 
nuclides. The choice of whether to wet- or dry-ash a sample is dependent on 
its properties, such as mass, bulk, physical form, oxidation resistance, and 
volatility of the desired constituents. Dry-ashing is simpler but could 
result in the loss of elements that are volatile at ashing temperatures. 
Also, refractory residues can form, and part of the desired material could 
even combine with the container. Porcelain, silica, nickel, and platinum all 
have an affinity for certain elements at ashing temperatures. These problems 
can be minimized by ashing at lower temperatures, such as 400% to 450°C, but 
this prolongs the ashing process. Also, many samples can ignite, producing 
local temperatures that are far in excess of furnace temperatures (HASL-300). 
Wet-ashing is more tedious, particularly for large samples, but volatiliza- 
tion during wet-ashing will occur only with extremely volatile elements such 
as iodine or bromine. Therefore, wet-ashing is preferable when there is no 
direct evidence that dry-ashing is suitable for the particular sample. Wet- 
ashing also has the advantage that carriers can be added directly during the 
ashing process (HASL-300). The major oxidizing agent used is nitric acid, and 
frequently the complete oxidation can be carried out with this agent alone. 
The addition of sulfuric or perchloric acid to assist oxidation is sometimes 
useful, but it can lead to the formation of insoluble compounds such as barium 
sulfate, calcium sulfates, or potassium perchlorate. In addition, high tem- 
peratures are reached when these acids are evaporated, which can lead to 
increased volatilization loss. Kjeldahl treatment can provide rapid ashing in 
cases where the added sulfuric acid does not present a problem (HASL-300). 
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6.2.5.5 Samole Preservation 

It is essential to maintain the integrity of samples (i.e., to minimize 
degradation of samples by using proper preservation and handling practices 
that are compatible with analytical methods). Degradable biological materi- 
als should be kept frozen until they are processed. A small amount of a,rid 
should generally be added to water samples to inhibit biological growth and 
the plate-out of dissolved materials on the container walls. However, acid 
should not be added in cases where the sample contains radionuclides that are 
volatile in acid solutio ~h9I &ryc&ing agent, such a_s Na$03, should be added 
to solutions containing I to prevent the rorma Ion and loss of I . 
Refrigeration, shielding from light, and filtration should be used when net s- ii 
sary to prevent biological growth and deposition on container walls. 

6.2.6 Samole Archivinq 

Sample archiving refers to the storage of samples for a period longer 
than is normally required to perform the routine sample anaiysis and result 
verification. Samples may be archived either before or after sample 
preparation 'and analysis. Routine sample analysis and resu7t verification 
shou7d normally be completed within 90 days of collection. However, special 
conditions might exist any time that routine sample analysis activities are 
disrupted. In these cases, it may be necessary to consider the factors listed' 
below even for routine samples. 

Decisions to archive environmental samples should be based on an 
identified future need for the sample. The decision to archive samples shou7d 
be documented and re-evaluated on an annual basis for archive periods greater 
than one year. 

For most cases, long-term archiving may not be required. However, 
special samples (e.g., those associated with accidents or those obtained to 
respond to public concerns) might be candidates for archiving. For periods 
when routine analysis activities may be interrupted or otherwise incapable of 
providing analysis results, the need for short-term archiving (i.e., months to 
a few years) of representative samples from routine environmental surveillance 
shotild be considered. The need for archiving special samples for longer 
periods (i.e., tens of years) shou7d also be addressed. 

The following factors should be considered when making a decision to 
archive samples: 

I) Suitability of analyte - Determine the suitability of the radionuclide 
for archiving. For example, short-lived nuclides can be stored for only 
a short time before radioactive decay makes the sample unusable for 
analysis. The minimum detection limit of the analytical methods should 
be considered. Radionuclides that are in a volatile physical form, such 
as organics, also may not be appropriate for archiving. These factors 
should be considered in conjunction with the archive period expected. 
For example, the archiving of charcoal filters for analysis of I-131 
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2) 

3) 

4) 

(8-day half-life) would be inappfopriate, in contrast to archiving them 
for analysis for I-129 (1.6 x 10 -year half-life). 

Media compatibility - Determine whether the medium can be archived and 
for what period of time. For example, milk can be very difficult to 
store, as it spoils on the shelf and thickens when frozen and thawed. 
Normally, liquid samples are not suitable for archiving over long 
periods. Consequently they should normally be retained for short periods 
only. In most cases, only solid samples or filters can be archived for 
extended periods. These types of samples are generally ashed or require 
no special treatment prior to analysis, and media compatibility is less 
of a concern. 

Special sample preparation for storage - Prior to archiving, special 
sample preparation that is different from that normally used in 
preparation for analysis may be required. It may be necessary to 
partition the sample before archiving for subsequent evaluation of 
different radionuclides. For example, water samples may be acidified to 
prevent algal growth or plateout of particulate radionuclides. However, 
acidification may cause the loss of any tritium and radioiodines present. 
Vegetation may be carefully dried to prevent decay; however, volatile 
substances may be lost during drying. It may be necessary to place 
heavily loaded air filters on metal planchets inside Petri dishes to help 
prevent dust loss during handling and storage. 

Type of container - Consideration shou7d be given to the suitability of 
the container for long-term storage. Nuclides may tend to plate out or 
be absorbed into the walls of some types of containers. Containers must 
not degrade during the expected archive period and should be resistant to 
attack from insects and mice, the problem of mice being of particular 
concern for plastic storage bags. Containers may be required to prevent 
light from reaching and degrading the sample, or double containment may 
be necessary to guard against breakage and loss of sample or spread of 
contamination. 

5) Sample analysis - The type of analysis performed on a sample that has 
been archived may be quite different from that performed on fresh 
samples, and special laboratory procedures may be needed. For example, 
particulates may settle out of liquids that have been stored for long 
periods and may have to be resuspended. It may be necessary to rinse the 
planchet holding heavily-loaded air filters with nitric acid to collect 
dust shaken loose from the filter. Analysis of milk may normally be done 
by passing it through a resin column; however, analysis of an archived, 
thickened product would necessarily be quite different, and the 
difference may limit the types of radionuclides that could be analyzed 
for. The possible ingrowth of radioactive decay products should be 
considered. 

6) Quality assurance - Ensure that samples are properly logged and stored, 
and that sample accountability is maintained and documented. Maintaining 
sample accountability is critical in determining the future usefulness of 
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the sample, regardless of sample storage or analysis capabilities. 
Sample archiving should be addressed in the Quality Assurance Plan 
associated with the facility, 

Storage capability - The quantity of shelf space, freezer space, or 
special storage needed, as we77 as light or darkness requirements, shou7d 
be determined based on the period over which samples are to be collected 
and archived. The need for physical security and restricted access 
shou7d also be considered, 

Impact on routine program - For ongoing analysis programs, consider the 
impact that future analysis of archived samples will have on the capacity 
for routine analyses under way in the future. Analyzing archived samples 
may adversely impact future routine analyses of samples by overloading 
laboratory capacity. 

Data compatibility - Data obtained from archived samples shou7d be 
compatible with and comparable to existing data. Any proposed change in 
analytical techniques or data analysis methods sf~ld be evaluated and 
their effect determined before they replace current methods on actual 
samples or sample data. A side-by-side comparison of the current and 
proposed methods on sample aliquots or duplicates shou7d be considered. 

Sample disposal - Determine the possible impact of disposal of samples 
that have been archived but not analyzed. Consider whether the samples 
will be disposed of as low-level radioactive waste, hazardous waste, .or 
mixed waste, and any special disposal or storage requirements under RCRA. 

ANALYSIS METHOD AND CAPABILITIES 

Excellent references for analytical methods are APHA (1977, 19851, 
IDO-12096, EMSL-U-0539-17, EPA-R4-73-014, EPA-600/4-80-032, EPA-520/S-84-006, 
and HASL-300. Drinking-water samples should be analyzed using EPA procedures 
where such methods are available and adequate for the radionuclides of inter- 
est. Alternate methods can be used in cases where satisfactory EPA-approved 
methods are either not available or not adequate. However, such alternate 
methods should have documented or documentable evidence showing that they give 
reliable results. 

6.4 GROSS ALPHA. BETA, AND GAMMA MEASUREMENTS 

Gross alpha and beta measurements shou7d not be used to characterize a 
sample. 
analyses. 

Sample characterization shou7d be done using radionuclide-specific 
However, gross alpha and beta measurements can be useful in deter- 

mining the general activity level of the sample so that proper choices can be 
made regarding the size of the sample and the appropriate chemical separation 
procedures. Gross alpha and gross beta measurements shou7d be made using a 
gas-proportional counter. Gross gamma measurements shou7d be made using 
gamma-ray spectrometers. 
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6.5 DIRECT GAMMA-RAY SPECTRDMETRY 

Gamma rays should be measured directly using sodium iodide thallium 
activated crystals [NaI(Tl)], lithium-drifted germanium diodes [Ge(Li)] or 
hyper-pure germanium type detectors (HPGE). The energy resolution of NaI(Tl) 
crystals is much poorer and the background is much higher than those of 
germanium diodes, which severely limits the number of radionuclides that can 
be measured in complex mixtures using NaI(T1) crystals. However, NaI(T1) 
detectors are still useful on samples that have relatively simple spectra or 
on radiochemically separated samples. For low-energy photons, IG .diodes are 
somewhat more efficient than Ge(Li) diodes. 

6.6 BETA COUNTERS 

Beta-emitting radionuclides shou7d be measured using ionization, gas- 
proportional , or liquid scintillation counters. Carbon-14 is often converted 
to a gas, such as CO which is used as the counter gas during count- 
ing. f 

or CH4, 
Most beta emit ers are counted with the sample outside the counter. A 

commonly used counter consists of a hemispherical chamber with a window on the 
flat end. The counter window can be covered with a thin polyester film. If 
the window is not covered with a polyester film, the sample holder must be 
attached to the counter in such a manner as to prevent the escape of gas 
through the window. In a liquid-scintillation counter, the sample is dis- 
solved in scintillating liquid and placed in a standard-sized vial. Beta 
particles impinging upon the scintillating liquid in the vial produce light 
flashes that are measured using photomultiplier tubes. 

6.7 ALPHA-ENERGY ANALYSIS 

High-resolution alpha spectrometry using silicon surface barrier detec- 
tors should be used to determine the concentrations of alpha-emitting radio- 
nuclides in thin, uniform samples or in samples that can be deposited as thin, 
uniform sources. The accuracy and sensitivity of the measurements decrease 
considerably with increasing sample thickness because the matrix absorbs and 
scatters alpha particles. Therefore, chemical separations followed by the 
formation of thin deposits. are necessary for more massive samples. Chemical 
separations are also necessary to resolve radionucltdes that emit alpha par- 
ticles with energies that differ by less than about 50 keV. Electrodeposition 
is the method that should be used to produce thin, uniform sources. However, 
the wide range of environmental and biological samples makes it difficult to 
develop electrodeposition procedures that can handle all types of samples. A 
coprecipitation method using rare earth compounds, such as neodymium or 
lanthanum fluoride, to separate actinides can provide a sample mount that in 
many cases is equivalent to an electrodeposited sample. Alpha spectrometry 
should be used primarily for the analysis of actinide radionuclides because 
the concentrations of these radionuclides in environmental samples are often 
near the detection limits of the alpha spectrometer, and because large samples 
are often needed to produce detectable counting rates. Therefore, very 
efficient separation procedures are needed to decrease the concentrations of 
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impurities in the deposited samples. Most deposition procedures are very 
sensitive to hydrolytic losses: even microgram quantities of impurities can 
cause problems with yield and resolution. 

6.8 RADIOCHEMICAL SEPARATION PROCEDURES 

Innumerable radiochemical separation techniques have been used by vari- 
ous investigators to separate the radionuclides being evaluated from 
interfering radionuclides. No general set of separation procedures can be 
specified that will apply to all conditions at all DOE sites. However, 
standard (professionally accepted) methods shou7d be used when separating 
radionuclides from interfering radionuclides. 

6.9 REPORTING OF RESULTS 

The reported analytical results should include the 20 uncertainty limits. 
The reported uncertainty limits should be calculated from the statisttcal 
counting error and as many other sources of error as can be identified. Each 
random error shou7d be reported separately. The concentrations should be 
reported as calculated even when they are less than the error limits or 
negative, because such concentrations are required for the statistical anal- 
ysis of the data. Values that are negative or below detection limits should 
be reported using a symbol and stating, in a footnote to the table, that the 
value is below the lower limit of detection. In all cases, the error limit 
shou7d be given so that a detection limit can be inferred., The results for 
short-lived radionuclides should be decay-corrected to the midpoint of the 
sample-collection interval. 

6.10 COUNTER CALIBRATION 

Proper and timely calibration of counting equipment is essential if 
accurate analytical results are to be obtained. Except in gamma-ray spec- 
trometry when NIST-traceable standards are used to prepare counting effi- 
ciency curves, each counter should be calibrated for each radionuclide to be 
measured using standards traceable to the NIST. The standard should have the 
same geometry and matrix as the sample to be counted, and the standard should 
be well-mixed and remain well-mixed throughout the matrix that is used to pro- 
duce the standard geometry. Many different procedures have been used to pro- 
duce standards of different shapes and sizes. A recommended procedure for 
calibrating a gamma detector for solid samples is one in which the standard is 
pipetted onto A1203 powder. 
mixed thoroughly. The 

After the standard has dried, the A1203 powder is 
powder is then mixed thoroughly with an epoxy resin, 

which later solidifies to produce a solid that is very resistant to breakage 
and will not allow the standard to migrate. If a gamma counter is calibrated 
for several radionuclides, a plot of efficiency versus energy should be pre- 
pared and used to identify errors in the calibration of individual radionu- 
elides and to determine the efficiencies of radionuclides for which standards 
are not available. 

6-12 



6.11 INTERCALIBRATION OF EOUIPMENT AND PROCEDURES 

Interlaboratory exchanges of samples shou7d be carried out to determine 
whether the laboratories are obtaining the same results, and to eliminate any 
problems that are causing discrepancies. If samples are available that have 
not been chemically separated but are still known to be homogeneous, aliquots 
of these samples shouid be exchanged so that both the separation procedures 
and the counting equipment can be compared. 

6.12 COUNTFR BACKGROUND 

One of the major factors that determines the sensitivity of the measure- 
ment procedures is the background of the counter. Therefore, the counter 
background should be reduced as much as possible. The counter shou7d be 
shielded with lead or other materials, such as borated paraffin (to absorb 
neutrons). However, lead shielding will not significantly reduce the back- 
ground caused by high-energy cosmic rays. The background from cosmic rays can 
be reduced by surrounding the sample counter with an anticoincidence count- 
er(s). When primary cosmic rays interact with atmospheric gases, they produce 

. showers of secondary cosmic rays that will produce simultaneous counts in the 
sample counter and the anticoincidence counter(s). Radiation that is emitted 
by the sample generally will not produce pulses in both the anticoincfdence 
and the sample counters. The pulses in the sample counter that are simulta- 
neous with pulses in the anticoincidence counters are then automatically 
rejected. The background of the counter should be kept low by preventing the 
contamination of the counter by radioactive materials. Such contamination not 
only would raise the background, but also would result in spurious measure- 
ments. Therefore, backgrounds shou7d be measured regulai-ly, and the counter 
decontaminated if background measurement shows evidence of contamination. 

6.13 OUALITY ASSURANCE 

As they apply to laboratory procedures, the general quality assurance 
program provisions of Chapter 10 stmld* be followed. Specific quality assur- 
ance activity requirements for laboratory operations at a site should be 
incorporated in the facility's plan for quality assurance. 
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7.0 DATA ANALYSIS AND STATISTICAL TREATMENT 

Good data analysis and statistical treatment practices are essential for 
the production of quality results from the effluent monitoring and, environ- 
mental surveillance program required by DOE 5400.1 and DOE 5400.5. The goals 
for analyzing effluent monitoring and environmental surveillance data should 
be 

l To estimate radionuclide concentrations at each sampling and/or 
measurement point for each sampling and/or measurement time, and 
estimate accuracy and precision 

l To compare the estimated radionuclide concentrations at each sam- 
pling and/or measurement point to previous concentration estimates 
at that point to identify changes or inconsistencies in radionuclide 
levels 

l To compare the radionuclide concentrations at each sampling and/or 
measurement point to the established limit(s), or concentrations 
related to the applicable dose limit, for those radionuclides 

l To compare radionuclide concentrations at single sampl.ing and/or 
measurement points.or groups of points to those at dontrol or other 
points and evaluate the reliability of those comparisons. I 

The statistical techniques used to, support the concentration estimates, 
to determine their corresponding measures of reliability, and to compare 
radionuclide data between stations and times. should* be designed with consid- 
eration of the characteristics of effluent andenvironmental data. These 
characteristics include a time series of data with skewed distributions (usu- 
ally lognormal), a high degree of variability, and often large amounts of 
missing data and readings that are below the detection limit of the sample 
analysis technique. Documented and approved sampling, sample-handling, anal- 
ysis, and data-management techniques shoulcEA be used to reduce variability of 
the results as much as possible. Data generated by the effluent monitoring 
and environmental surveillance program form the bases from which site manage- 
ment decisions are made. Thus, adequate attention to estimating the accuracy 
and precision of the data is necessary to determine whether such management 
decisions and actions are supported by valid and reliable data. 

7.1 SUPWARY OF DATA ANAIYSIS AND STATISTICAL TREATMENT RFOUIREMm 

The data analysis and statistical treatment procedures that are required 
to be incorporated into the radiological effluent monitoring and environ- 
mental surveillance program at a DOE site are presented in the sumary. The 
level of confidence in the data due to the radiological analyses should* be 
estimated by analyzing blanks and spiked pseudosamples and by comparing the 
resulting concentration estimates to the known concentrations in those sam- 
ples. The precision of radionuclide analytical results should* be reported as 
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a range, a variance, a standard deviation, a standard error, and/or a confi- 
dence interval. Analytical precision estimates for radiologicalanalyses 
shou7d be made from replicate samples. Data should* be examined and entered 
into the appropriate data bases promptly after analysis. When selecting the 
data to be considered; outliers shou?d* be excluded from the data only after 
investigation confirms that an error has been made in the sample collection, 
preparation, measurement, or data analysis process. As each data point is 
collected, it shou7d* be compared to previous data, because such comparison 
can help identify unusual measurements that require investigation or further 
statistical evaluation. 

7.2 VARIABILITY OF EFFLUENT AND ENVIRONMENTAL DATA 

The variability of the effluent data will determine the degree of preci- 
sion and accuracy that can be achieved with the results. Careful design and 
execution of the monitoring program can substantially improve the quality of 
the effluent monitoring and environmental surveillance results. 

7.2.1 Sources of Variabilitv in Effluent/Environmental Data 

The sources of variability in effluent data are listed in Table 7-l. 
These sources can be divided into three types: environmental. sampling, and 
recording. The analyses performed to determine and reduce the sources of var- 
iability should consider the relevancy of the variability source with respect 
to the actual conditions at the sampling and/or measurement point. 

7.2.2 Estimatinq Accuracv and Precision 

An estimate of the levels of accuracy and precision required for the 
data, based on previous site monitoring and surveillance experience, shouid be 
used to develop data analysis and handling strategies for the effluent moni- 
toring and environmental surveillance programs. These strategies shou7d then 
be re-evaluated periodically (or after significant modification to site condi- 
tions) to determine whether they are adequate for the present site conditions. 

7.3 SUMMARIZATION OF DATA AND TESTING FOR OUTLIERS 

Often, a measure of central tendency is needed to summarize the informa- 
tion in a data set (e.g., 
tion). 

in the calculation of a yearly average concentra- 
In addition, an estimate of precision is required for that summary 

statistic. Assumptions about the underlying data distribution are inherent in 
the calculation of most statistical parameters; therefore, the distribution of 
the radfonuclide concentration data shou7d be established before the calcu- 
lated parameters are considered valid. 

7.3.1 Distribution Analvsis 

The assumption of a normal data distribution is implicit in the calcula- 
tion of most statistical parameters. Radionuclide distributions are typically 
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TABLE 7-l. Sources of Variability in Effluent Monitoring 
Data (DDE/EP-0023) 

TvDe Source 

Environmental Space 

Time 

Space x Time 

Sampling Sample 
Collection 

Sample Handling 

Sample 
Processing 

Measurement 

Cross- 
Contamination 

Recording Data Recording 
and Transfer 

lognormal, and when appropriate, the 

Examples 

Distance from emission source, eleva- 
tion, heterogeneous dispersion of 
material 

Variation in rates of emissions, 
variation in rates of dispersion 

Nonstationary differences between 
sampling stations over time 

Nonrepresentative sampling, incon- 
sistent sampling techniques, sampling 
equipment failure 

Chemical reactjons, nonuniform storage 
conditions, container effects 

Volume or weight measurement errors, 
insufficient sample mixing, nonrepre- 
sentative subsampling 

Calibration errors, instrument errors, 
readout errors 

Residual contamination of containers 
and work areas, imperfect sealing of 
containers for transport, surface con- 
tamination from transport, separation 
of high- and low-activity samples, 
decontamination practices 

Errors in data entry, errors in 
transfer of data from lab books to 
computer files 

raw data should be transformed to loga- _ . 
rithms before calculating~ sununary statistics. 

Data sets with more than 10 points should be tested for normality. 
(Data sets containing fewer than 10 points can be treated as either normal or 
lognormal.) The simplest and most straightforward test involves plotting the 
data points on conmnercially available normal or lognormal probability paper. 
If the data form an approximately continuous straight line, it can be con- 
cluded that the data are homogeneous and from a distribution of the same type 
as the probability paper (normal or lognormal) on which they are plotted. 
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Severe discontinuities in the straight line indicate that different subsets of 
the data, coming from different distributions, are involved. When such condi- 
tions occur, the data should be reexamined and identifiable subsets analyzed 
separately. Curvilinearity in the plot indicates that a data transformation 
is required before statistics based on the normal distribution are calculated. 

Other acceptable methods of assessing normajity are to oiot all of the 
data in a frequency distribution and perform a x test for normality, or to 
visually inspect a histogram of the data. The method of assessing normality 
shou7d be presented in reports of the data. 

7.3.2 Measures of Central Tendencv 

The appropriate measure of central tendency depends on the characteris- 
tics of the radionuclide concentration data collected. For normally distrib- 
uted data with only a small number of extreme or less-than-detectable values, 
the arithmetic mean is the appropriate estimator of central tendency. When 
the data set contains large numbers of extreme values or concentrations below 
the analytical detection limits, the median, which is less sensitive to 
extreme values than the mean, should be used to summarize the data. Trimmed 
means (arithmetic means calculated while excluding some percentage of the 
upper and lower data values} can also be appropriate in these cases. 

The data s71ou7d be transformed to approximate a normal distribution 
before the central values are calculated. Most often a log transformation 
will normalize environmental data. 

The mean of a distribution can be read from a plot of the data on proba- 
bility paper. The mean (which in the case of the normal distribution is equal 
to the median} is the 50th percentile intercept on the probability plot. 

7.3.3 Measures of Disnersion 

Dispersion in normally distributed data, without large numbers of outli- 
ers and less-than-detectable values, should be represented as a variance, a 
standard deviation, a standard error, or a confidence interval. Again, data 
shou7d be transformed if necessary to approximate a normai distribution. 

For data with substantial numbers of extreme values, other measures 
should be used to estimate the dispersion around the central value. The full 
range of data values or the interquartile range (the range of data between the 
25th and 75th percentiles} and the median absolute deviation (the median of 
the differences between each data point and the indicator of central tendency} 
are also acceptable measures. 

The slope of the line drawn through the data points plotted on probabil- 
ity paper is the standard deviation of the dab. 
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7.3.4 Less-Than-Detectable Values 

Monitoring programs often incluae measurement of extremely low concen- 
trations of radionuclides, below the detection limit of the counting instru- 
7ents * Data sets with large numbers of less-than-detectable values need 
special consideration in the statistical analyses (Gilbert 1987). 

Less-than-detectable data will produce numerical measurements with 
values below the detection limit and sometimes negative values. All of the 
actual values, including those that are negative, should be included in the 
statistical analyses. Practices such as assigning a zero, the detection limit 
value, or some in-between value to the below-detectable data point, or dis- 
carding those data points can severely bias the resulting parameter estimates 
and shou7d be avoided. 

When analytical instruments or laboratories do not supply the actual 
vaiues for readings less than the detection limit, but make some designation 
such as YD," the actual values for those data points shouid be obtained. 
When obtaining these data points is not possible, at least the number of less- 
than-detectable values shou’ld be obtained. Data from censored distributions 
(for which the number of less-than-detectable values is known} are more ame- 
nable to standard statistical analyses than are those from truncated distri- 
butions (for which the number of values below the detection limit are not 
known), which require special statistical techniques (Gilbert and Kinnison 
1981). 

7.3.5 Testina for Outliers 

An outlier is defined as an abnormally high or low data value. It can 
' represent a true extreme value, or it can indicate data errors or equipment 

malfunctions or errors. It is important to compare each data point to previ- 
ous data to determine whether the point is an outlier or a true data point 
that is to be included in the data set (Gilbert 1987). 

Several statistical tests are available to test for outliers. Most of 
these tests assume a normal distribution, so data should be transformed to 
approximate the normal distribution before outlier tests are performed. Out- 
liers can be identified qualitatively by,adding the new data point to the data 
probability plot and noting if the point falls on an extreme end of the plot 
line; alternatively, a 2- or 3-standard-deviation probability ellipse can be 
constructed around a scatterplot of all of the data, with points falling out- 
side of that ellipse considered outliers. These tests, while statistically 
valid (as long as their assumptions, e.g., normality, are met), determine only 
whether the new point i s extreme with respect to.the mean or median of the 
entire data set and do not detect temporal irregularities (for example, data 
values that are close to a yearly average but highly unusual for the season or 
time of day at which they occurred). Therefore, these tests are not adequate 
fo serve as the sole justification for the inclusion or exclusion of data from 
the set. A better procedure that takes into consideration the temporal 
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pattern of the observations involves the development of a time plot of the 
data, with each new data value being entered promptly after collection. Out- 
liers can be identified by inspection of the time plot. Control charting can 
also be a useful technique for identifying outliers. Control charts are time 
plots on which the center line represents the mean or median concentration 
value, and.l-, Z-, and 3-standard-deviation bands are marked. Data points 
falling outside of the 2- or 3-standard-deviation confidence bands are consid- 
ered outliers. The position of the center line can differ diurnally, season- 
ally, or yearly. The central values shou7d be calculated separately for 
identified subgroups of the data. Control charting is not useful for some new 
monitoring programs because they require sufficient amounts of data to ade- 
quately estimate the mean value and standard deviation for each subgroup. 
Graphs of moving averages of the data should also be plotted for each station, 
as soon as sufficient amounts of data (at least 10 points) are acquired. 
These plots will indicate overall trends in the data, identification of which 
aids in data interpretation as well as in detecting sampling or equipment 
errors. 

When outliers are identified, a decision must be made whether to include 
those numbers in estimates of radionuclide concentrations or in comparisons 
between data sets. Outliers can represent true extreme values or can indi- 
cate malfunctions or failures in sampling equipment or variability in sample 
quality. Most often what at first appear to be outliers prove to be data 
transcription errors. The presence of outliers can, however, severely affect 
the value of the estimated mean or the outcome of statistical comparisons. 
When outliers that are not attributable to errors are contained in the data 
set, estimators and statistical tests should be computed with and without the 
outliers to see if the results of the two calculations are markedly differ- 
ent. If the results differ substantially because of outliers in the data, 
then both results should be reported. 

7.3.6 Elements of Good Practice 

Certain procedures shouid be followed that will aid in the interpreta- 
tion of the effluent monitoring data and improve the quality of the results 
from the program by helping to detect erroneous measurements. Comments on the 
quality of the samples taken should be entered into the data base with the 
sample radionuclide concentration measurements. In addition to the data col- 
lected during the regular sampling program, logs of events that might affect 
radionuclide concentrations (e.g., precipitation) shou7d be itept. 

7.4 TREATMENT OF SIGNIFICANT FIGURES 

Often, calculations involving measured values result in numbers with 
more significant figures than were in the original measurements and give an 
erroneous impression of the precision and accuracy of results. The number of 
significant figures in reported data should reflect the precision of the meas- 
ured values. A larger number of figures may be carried during the ca?cula- 
tions for computational accuracy. The number of significant figures reported 
for raw data shou7d reflect the true precision of the measurement technique. 
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When measurements are multiplied or divided, the number of significant figures 
in the product or quotient shou7d not exceed that of the least precise meas- 
urement used in the calculations. When measurements are added or subtracted, 
the recorded precision of the result shouid not exceed that of the least 
precise measurement. 

7.5 PARENT-DECAY PRODUCT RELATIONSHIPS 

A common practice in the monitoring of radionuclide concentrations is 
to measure the activity of the parent radionuclide and calculate the amount 
of the decay products present from the known physical relationships. As 
an alternative, the concentrations of parent nuclides may be calculated from 
the measurement of the decay products. These calculations are relatively 
straightforward when the parent and decay products are at equilibrium, and in 
the absence of contrary data. Corrections shou7d be made for calculations 
performed during the transitory period before equilibrium IS reached. Correct 
estimation of the amount of the decay product (or parent) material present 
requires definite knowledge of the difference between the time of measurement 
and the time of the initiation of parent decay. The recorded accuracy and 
precision of the calculated radionuclide concentration estimates, as indicated 
by number of significant figures. shouid not exceed those of the original 
measured concentration. Uncertainties in the length of time between meas- 
urement and the initiation of parent decay shou7d be reported and incorporated 
into the precision estimates for the calculated concentrations. 

7.6 COMPARISONS TO REGULATORY OR ADMINISTRATIVE CONTROL STANDARDS 
AN0 CONTROL DATA 

The object of obtaining reliable estimates of radionuclide concentra- 
tions at the monitoring stations is to compare those values to regulatory or 
administrative control standards or values at control stations to determine 
whether action must be taken to reduce the radionuclide levels in the 
effluents. 

7.6.1 Sinale Concentration Measurements 

Statistical tests are not appropriate for comparisons of single values, 
such as when a single radionuclide concentration measurement is compared to 
its regulatory limit. Single values can have a large associated uncertainty, 
and they are not necessarily an accurate representation of how well the facil- 
ity is complying with the limit. Thus, additional sampling and/or measurement 
should be considered to provide an accurate representation of compliance 
status. 

7.6.2 Groups of Measurements 

Concentration estimates from groups of sampling and/or measurement 
points should be compared using standard (parametric) analysis of variance 
technjques (Miner 1971) when the data meet the underlying assumptions of those 
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tests. Standard nonparametric statistical comparison techniques (Hollander 
and Wolfe 1973) shou7d be used when the assumptions of the parametric tests 
are not met by the data. Caution shou7d be used when comparing groups of 
readings from single points over time, 
correlation in the time series of data. 

because of the likely strong auto- 

7.7 gUALITY ASSURANCE 

As they apply to data analysis and statistical treatment activities, the 
general quality assurance program provisions of Chapter 10 should* be fol- 
1 owed. Specific quality assurance activity requirements for data analysis and 
statistical treatment activities at a site should be incorporated in the 
Quality Assurance Plan for the facility. 
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8.0 DOSE CALCULATIONS 

For operating DOE-controlled facilities, DOE 5400.1 and DOE 5400.5 
describe the annual reporting requirements for releases of radioactive mate- 
rials to the environment. In addition to the summary of total curies (by 
radionuclide) in airborne and liquid effluents released to the offsite envi- 
ronment, these Orders require the reporting of estimates of the effective 
doses to the population and to the maximally exposed individual in the vicin- 
ity of DOE-controlled facilities. The offsite dose estimates require detailed 
knowledge (or estimates) of the concentrations of radionuclides in the facil- 
ity effluents and emissions and in various environmental media resulting from 
site operations. Samples of air, soil, water, and vegetation, and direct 
readings of external radiation can be used to determine these offsite concen- 
trations. However, in most cases these concentrations are very low ana chal- 
lenge the sensitivity of the analytical techniques used. As a result, 
estimates of environmental concentration and human exposure and the resulting 
estimated radiation dose are frequently made using mathematical models that 
represent various environmental pathways. For situations where available 
environmental data are sufficiently accurate to determine radionuclide con- 
centrations, their use in the dose assessment process is encouraged. For the 
purposes of this Order, the following basic definitions are used: 

l Model - A mathematical formulation or description of a physical, 
ecological, or biological system, which includes specific numeric 
values or parameters 

l Computer Program - The logical computer language statements in an 
executable form on a digital computer that represents the model 
(mathematical formulation} and appropriate data. 

8.1 PERFORMANCE STANDARDS FOR PUBLIC DOSE CALCULATIONS 

8.1.1 Required Standards 

The requirements to be followed when calculating public radiation dose 
are listed in the summary. DOE programs for surface- and ground-water moni- 
toring, reporting, and modeling are under consideration by the DOE Office of 
Environmental Guidance and Compliance; thus, few details on these subjects are 
provided in this guide. These requirements will be broad enough to define 
conditions for radionuclides and associated chemicals that could enter surface 
or ground waters. Except where mandated otherwise (e.g., compliance with 
40 CFR Part 61), the assessment models selected for all environmental dose 
assessments shouid* appropriately characterize the physical and environmental 
situation encountered. The information used in dose assessments shou?d* be as 
accurate and realistic as possible. Complete documentation of assessments of 
the radiation dose resulting from the operation of DOE-controlled facilities 
shou7d* be provided in a manner that supports the annual site environmental 



monitoring report, Environmental Monitoring Plan, or other application, and 
show the I) models used, 2) computer programs used, and 3) input data and data 
source assumptions made. 

8.1.2 Documentation and Conformance with' Other Reauirements 

Default values used in model applications should* be documented and eval- 
uated to determine appropriateness to the specific modeling situation. When 
performing human foodchain assessments, a complete set of human exposure path- 
ways shou7d* be considered, consistent with current methods (IAEA 1982; Moore 
et al. 1979; NCRP Report No. 76; NUREG/CR-3332). Surface- and ground-water 
modeling shou7d* be conducted as necessary to conform with the applicable 
requirements of the State government and the regional office of the EPA. 

8.2 MAJOR CONSTDERATIONS 

The basic considerations in performing an analysis of dose to the general 
public for the annual releases of radioactive materials from DOE facilities 
are shown in Figure 8-l. Source-term estimates (box 1 in Figure 8-1) are 
obtained from the effluent monitoring programs established for each site, as 
described in Chapters 2 and 3 of this Order. Models (boxes labeled 2 in Fig- 
ure 8-l) are then applied for atmospheric, surface-water, and ground-water 
transport. Environmental pathway analysis models (box 3 in Figure 8-l) are 
then used to account for bioaccumulation in food products and the annual usage 
or uptake of materials by members of the public. The dose-rate factors (boxes 
1 abeled 4 in Figure 8-l) to be used are the standard factors listed in the EPA 
publication Limitinu Values of Radionuclide Intake and Air Concentration and 
Dose Conversion Factors for Inhalation, Submersion. and Insestion 

-.’ 

FIGURE 8-1. Major Steps in Performing Public Radiation 
Dose Calculations 
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(EPA-520/l-88-020) and in the DOE documents entitled Internal Dose Conversion 
Factors for Calculation of Dose to the'public (DOE/EH-0071) and External Dose- 
Rate Conversion Factors for Calculation of Dose to the Public (DOE/EH-0070). 

8.2.1 Considerations for Selection 

In applying models and computer programs for estimating public radiation 
doses, the following three critical assumptions should be evaluated for each 
application (Hoffman and Baes 1979): 1) the data available for the input 
parameters represent the true populations of the parameters {i.e., the data 
represent reality), 2) the model parameters are statistically independent 
t i.e., no coupled parameters), and 3) the structure of the model is an approx- 
imation of reality (i.e., the model fits the situation encountered}. Although 
these three conditions can never be completely met, reasonable efforts shou7d 
be made to evaluate these assumptions in light of the models and data sets 
selected for site-specific applications. 

8.2.2 Misuses of Models 

The three most common misuses of these types of models are "overkill," 
inappropriate prediction, and misinterpretation (NCRP Report No. 76). "Over- 
kill" occurs when the level of available data or the use of the results do not 
support the sophistication of the model selected. The National Council on 
Radiation Protection and Measurements (NCRP) was responding to "overkill" in 
models used for radiological assessments when they made the following comment 
(NCRP Report No. 76, p. 239): 

In recent years, the trend has been toward more complex models; however, 
the increased complexity has not necessarily improved the accuracy of 
estimates of dose and, in certain cases, has had the opposite effect. 

Inappropriate prediction occurs when sophisticated models and detailed 
analyses are used too early in the assessment process. Initial assessments 
should be conducted with very simple models; more detailed models and more 
detailed assessments shou7d be made as data and knowledge of the system being 
modeled improve. 

Modeling results can be easily misinterpreted when inappropriate boundary 
conditions or assumptions have been used. The results of any modeling appli- 
cation shou’id be viewed as estimates of reality, and not reality itself. In 
many cases, seemingly minor changes in assumptions or input can cause drastic 
changes in the results obtained (NCRP Report No. 76). 

8.3 TRANSPORT MODELS 

Radioactive materials released in the liquid effluents or airborne emis- 
sions from an operating DOE-controlled site or facility and transported 
through the environment might result in radiation exposures to members of the 
public. .As shown in Figure 8-1, the three major types of transport considered 
in evaluating the effects of radionuclides released to the environment are 
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1) atmospheric transport, 2) surface-water transport, and 3) ground-water 
transport. To estimate the concentrations of radioactive materials in the air 
or water at locations offsite, a number of mathematical models and computer 
programs are available. Examples of the methods for documenting computer pro- 
grams are presented by the American National Standards Institute (ANSI N413) 
and the Federal Information Processing Standard FIPS Pub. 38. The correct 
operation of cornouter programs selected for performing the transport calcula- 
tions for all environmental dose assessments should be verified on a specific 
computer system. This verification can be done by comparing the program 
results for sample problems against either documented sample problem results 
or against hand calculations. Complete validation of all models (testing the 
computer program against actual field or laboratory data} is not feasible 
because of the size of some data sets and the inability to fully characterize 
most sites. Thus, limited comparisons against field or laboratory data are 
typically conducted during development of the computer program. As a result 
of these limited tests, modifications are often made to key parameter values 
to make the results compare more closely to measured conditions. This com- 
parison process is called 'model calibration" and is often used when site- 
specific model applications are desired. In many situations, site-specific 
data are not available, so default parameters or data sets are typically used 
in the transport calculations. These default values are often obtained from 
generic data-sets and are designed to give conservative dose overestimates. 

8.3.1 Atmosoheric Transoort and Disoersion Models 

Atmospheric dispersion models are typically applied to model the trans- 
port of airborne releases of radioactive materials. The modeling results 
obtained are useful to 1) assess the potential consequences of releases from 
proposed facilities or facility modffications, 2) assess the consequences of 
actual routine releases, 3) demonstrate compliance with regulations and stan- 
dards, and 4) assess the consequences of actual accidental releases. 

Atmospheric dispersion models and meteorological data that are most use- 
ful in making these calculations will vary in sophistication and complexity 
(depending upon the magnitude of the release) from relatively simple coraputa- 
tions to extensive computations that require computers. Use of simple com- 
pliance assessment models, based on conservative assumptions and little or no 
meteorological data, could be sufficient for some ROE facilities. As the 
potential magnitude of the release increases, more realistic models become 
necessary to assess the potential consequences. 

Selection of an adequate atmospheric dispersion model for estimating pub- 
lic radiation doses resulting from atmospheric releases of radioactive mate- 
rials at DOE sites first requires the determination of site-specific data for 
a variety of parameters. These data are typically collected through a meteor- 
ological measurement program, as described in Chapter 5. The types of parame- 
ters required include horizontal and vertical diffusion parameters, wind data, 
pl me-ri se parameters, and plume deposition and depletion factors (Randerson 
1984c). For the purposes of routine dose assessment, it is assumed that 
1) the atmospheric releases occur over a long period of time (i.e., they are 
chronic releases from routine facility operation and not short-term accidental 
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releases), 2) the purpose of estimating ground-level concentrations is to 
conduct annual public dose assessments, and 3) local terrain is not a compli- 
cating factor. 

On December 15, 1989, the EPA published the revised "National Emission 
Standards for Hazardous Air Pollutants; Standards for Radionuclides" (40 CFR 
Part 61, Subpart H). This regulation applies to operating DOE nuclear facili- 
ties and sites. For DOE facilities, subpart H establishes radiation dose lim- 
its for the maximally exposed member of the public from all airborne emissions 
and pathways. The dose to the maximally exposed member of the public must be 
calculated using only the AIRDOS-EPA (,Moore et al. 1979) and RADRISK (Dunning 
et al. 1980) computer programs (currently referred to as CAP-88), or other 
methods specifically approved by EPA as specified in 40 CFR Part 61.. Other 
approved methods could include the use of environmental data in the evaluation. 

In their Annual Site Environmental Reports, most DOE sites have histor- 
ically provided radiation doses determined by the ratio to the DOE concentra- 
tion guides or by using the total emissions to model the downwind transport 
and subsequent exposure through environmental pathways (Kennedy and Mueller 
1982). To apply for continued use of site-specific methods and models for 
demonstrating compliance with 40 CFR Part 61, it is necessary for DOE and its 
contractors to show that the atmospheric transport and dispersion models used 
are "equivalent" to those in AIRDOS-EPA (CAP-88) or AIRDOS-PC (version 3.0) 
and that the environmental transport assumptions and dose conversion factors 
used are equivalent to or more conservative than those used in RADRSSK or 
that, for some site-specific reason, AIRDOS and RADRISK are not applicable to 
the site. Atmospheric transport modeling should be conducted by a profes- 
sional meteorologist or equivalent with modeling experience. 

8.3.2 Surface- and Ground-Water Transoort Models 

The annual reporting requirements for DOE-controlled facilities include 
information on liquid releases (DOE 5400.1). The information reported is 
required to include statements concerning the quantity and type of radioac- 
tive materials discharged to receiving streams or aquifers and assessments of 
the potential radiation dose to the public that could have resulted from these 
discharges during the previous calendar year. Decisions about which model or 
models will be used in performing a specific assessment depend on the local 
site conditions, the receiving stream or aquifer characteristics, the dura- 
tion of the release, the potential exposure pathways, the magnitude of the 
potential doses that result, and other factors. The variety of modeling 
approaches indicates that there is.much uncertainty in modeling surface- and 
ground-water systems, and that many unanswered questions about radionuclide 
transport through surface- and ground-water systems remain. Additional ques- 
tions about surface- and ground-water dispersion models have arisen from the 
need to identify the parameters that can be measured in the field that corre- 
spond to the parameters used in the models. Surface- and ground-water model- 
ing in support of the operation of DOE facilities shou'id be conducted by a 
professional geohydrologist or equivalent with modeling experience. This 
modeling should be done using site-specific data and taking into consideration 
the important characteristics of the site. 
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8.4 ENVIRONMENTAL PATHWAY MODELS 

Emission or effluent data and data from estimates of atmospheric, 
surface-water, and ground-water radionuclide concentrations are used as input 
to environmental pathway analysis models. These models predict the environ- 
mental transport of radionuclides in the human environment. For most facil- 
ities and environmental media, the concentrations in the environment are too 
low to adequately measure; thus, modeling is used to predict values. A sum- 
mary of the major environmental radiation exposure and transport pathways 
relevant to operating DOE facilities that should be considered is given in 
Figure 8-2. In this figure, processes or steps that are typically modeled are 
shown in boxes. Processes or steps that can be either modeled or obtained 
from monitoring data are shown in hexagons. A more complete listing of the 
potential individual pathways that shou7d be considered in environmental path- 
way modeling is given in Table 8-l. Pathway analysis and transport models 
shouid be compared or calibrated with field data when such information is 
available. To assess the operational releases from nuclear facilities, NRC 
Regulatory Guide 1.109 (NRC 1977) provides terrestrial foodchain transport 
models that address most of the steps shown in Figure 8-2. These models were 
adapted from the HERMES model (Soldat and Harr 1971) and are representative of 
the types of models that are frequently used (Hoffman and Baes 1979; Hoffman 
et al. 1977; IAEA 1982; Moore et al. 1979; NCRP Report No. 76; NUREG/CR-3332, 
Whelan et al. 1987; Napier et al. 1988; Gilbert et al. 1989; Droppo et al. 
1989). 

8.5 INTERNAL DOSIMETRY MODELS 

DOE 5400.5 requires the use of the standard dose conversion factors pub- 
lished by DOE for both internal and external radiation (DOE/EH-0070 and DOE/ 
EH-0071) or those published in EPA publication EPA-520/I-88-020, Federal Guid- 
ance Report No. 11. These methods are based on the most recent recommenda- 
tions of the ICRP (ICRP Publications 23 and 30). This requirement does not 
apply to the use of the EPA CAP-88 and AIRDOS-PC codes (EPA-520/6-89-035; 
EPA 1990). 

8.6 POSE TO NATIVE AOUATIC ORGANISMS 

DOE 5400.5, Chapter II, paragraph 2a(5) contains an interim absorbed dose 
limit of 1 rad/day to protect native aquatic organisms, other than plants, 
from exposure to radioactive material in liquid wastes discharged to natural 
waterways. So that DOE-controlled sites are in compliance with this limit, an 
assessment of the potential dose to native aquatic organisms shou7d be con- 
ducted and included as part of the site Environmental Monitoring Plan. Dose 
evaluations for aquatic biota require the identification of important path- 
ways and species for a given environment. Because of the diversity of organ- 
isms and the variety of pathways and radionuclides that must be considered, it 
is not possible to develop a single generalized model that can be assumed to 
cover all possible conditions. Instead, a site-specific assessment, using the 
best available data for a given facility and environment, should be conducted? 
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TABLE 8-l. Potential Pathways to Be Considered in Environmental 
Pathway Analyses 

ExDosure 

External 

Inhalation 

Environmental Pathwav 

Direct Facility Radiation 
Submersion in an Airborne Plume 
Contaminated Land 
Aquatic Recreation (Swimming/Shoreline/Boating) 

Submersion in an Airborne Plume 
Resuspended Materials 

Ingestion of 
Terrestrial Foods 

Vegetables: 
Potatoes 
Other Root Vegetables 
Leafy Vegetables 
Other Vegetables 
Fruits 
Cereal Grains 

Animal Products: 
Liquid Milk 
Cheese 
Meat and Meat Products (Beef, Pork, Poultry) 
QF3s 

Ingestion of Fish 
Aquatic Foods Seafood (Shellfish) 

Ingestion of Soil Grazing Animals 
Humans (Children) 

Ingestion of 
Drinking Water 

Surface Water (Raw or Treated) 
Well Water (Raw or Treated) 
Rain Water 

To assist in the dose calculations, a variety of computerized models may be 
used, including CRITR (Soldat et al. 1974) and EXREM 111 and BIORAG (Trubey 
and Kaye 1973). The National Council on Radiation Protection and Measure- 
ments has been asked by DOE/Eli to make a further recommendation concerning the 
interim dose limit to aquatic biota and to provide additional guidance on 
monitoring and dose modeling. 

8.7 OUALITV ASSURANCE 

The general quality assurance program provisions of Chapter 10 shou?d* 
be followed as they apply to performing calculations that assess dose impacts. 
Specific quality assurance activity requirements for performing dose calcula- 
tions for a facility/site are to be contained in the Ouality Assurance Plan 
associated with the facility. 
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9.0 RECORDS AND REPORTS 

This chapter identifies and outlines the reporting and record-keeping 
requirements of major Federal regulations, Office of Management and Budget 
(OMB) circulars, and DOE Orders applicable to the environmental and effluent 
radiological surveillance programs at DOE sites. These regulations represent 
only part of the total environmental requirements that are applicable to DOE 
sites. Environmental statutes and regulations are constantly changing, and 
are frequently amended or superceded. The regulations cited in this chapter 
are those that currently are relevant to DOE sites or facilities and their 
activities. These listings shou7d not be considered all inclusive, and should 
be updated as required. Also, not all of the cited regulations are relevant 
to all sites or their facilities. The applicability is a function of the 
location, operation, and, in some instances, the age of the facility. All 
operators must, in conjunction with their operations office, determine the 
applicability of the many regulations. It is the policy of the DOE to comply 
with all applicable environmental requirements. Accordingly, DOE officials 
and DOE Management and Operating Contractors should* identify and comply with 
the relevant requirements. 

Proper record-keeping and reporting is essential to DOE's overall compli- 
ance strategy. Timely notification of occurrences and information involving 
DOE and its contractors shou7d* be made to the appropriate DOE officials and 
to other responsible authorities. Auditable records relating to environmental 
surveillance and effluent monitoring should* be maintained. Calculations, 
computer programs, or other data handling shou7d* be recorded or referenced. 

The principal objectives of DOE's reporting system (DOE 5484.1, 
DOE 5484.2, and DOE 5700.68) and of special reporting requirements in 
DOE 5400.1, DDE 5400.3, and DOE 5400.5 are to 

1) Alert DOE management to occurrences for the purpose of investiga- 
tion and evaluation of causes, and to identify appropriate measures 
to prevent recurrences; 

2) Obtain early, complete, and factual information on occurrences as a 
basis for reports to the Secretary of Energy, Congress, other Fed- 
eral agencies, and the public, as appropriate; 

3) Identify trends in areas of concern for DOE and contractor operations; 

4) Provide a basis for the improvement of codes, guides, and standards 
used in the DOE and contractor operations; 

5) Monitor, evaluate, and report onsite discharges, liquid and airborne 
effluents, and environmental conditions in the vicinity of DOE sites 
to assess the levels of radioactive pollutants and their impact on 
the public and the environment; and 

6) Comply with regulations (e.g., CERCLA reporting requirements). 
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6eneral reporting and record-keeping requirements for effluent and envi- 
ronmental surveillance activities are outlined in DOE 5400.1 and DOE 5400.5. 
These Orders specify the reporting responsibilities, timing, and distribution 
of routine reports (the requirements for preparation and distribution of 
accident-related reports are outlined in DOE 5484.1) and contain some details 
on the required content and format. The following paragraphs provide recom- 
mendations for meeting the reporting and record-keeping requirements of 
DOE 5400.5. Also discussed are other Federal regulations that impact the 
structure or operation of these programs. State and local regulations, which 
vary considerably, are not included in this section. 

A list of the applicable regulations, OM6 circular, and DOE Orders and 
the relevant reporting requirements is provided in Table 9-1. 

9.1 BECORD-KEEPING 

A number of laws, regulations, and DDE Orders contain record-keeping 
requirements that may apply to DOE-controlled facility operations. The actual 
record-keeping requirements are typically broad and general in coverage. A 
brief discussion of the record-keeping requirements cited in Table 9-l is pro- 
vided in the following paragraphs. 

9.1.1 DOE 5400.1 - General Environmental Protection Proqram Requirements 

The purpose of the Order is to establish the environmental protection 
program requirements for DOE operations that ensure compliance with Federal 
and State environmental protection laws and regulations, Presidential Execu- 
tive Orders, and internal DOE policies. The Order requires maintenance and 
retention of auditable records relating to the environmental surveillance and 
effluent monitoring programs, and records of calculations, computer programs, 
or other information (along with raw data, procedures, etc.). The Order fur- 
ther requires that records be protected against damage or loss; generally this 
protection entails assurance that a duplicate of records is stored in a sepa- 
rate location. 

9.1.2 DOE 5700.6B - Oualitv Assurance 

The purpose of the Order is to establish the quality assurance require- 
ments for DOE operations. The Order is incorporated by reference from 
DOE 5484.1, as specified in the Order and as applicable to the environmental 
surveillance and effluent monitoring programs. 

9.1.3 40 CFR Part 61 - National Emission Standards for Hazardous Air 
Pollutants 

The purpose of 40 CFR Part 61, Subpart H, is to regulate atmospheric 
radionuclide emissions from DOE facilities. The EPA has not yet finalized the 
record-keeping requirements applicable to the DOE under 40 CFR Part 61, 
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TABLE 9-l. Applicable Environmental and Effluent Regulations and Requirements 

Reculations 

1324.2 

5400.1 

5400.1 

5400.1 

5400.1 

5400.4 

5400.5 

5484.1 

5484.2 

5700.66 

5820.2A 

Comply with general quality assurance requirements. 

Prepare annual updates of the Waste Management Plan. 

40 CFR Parts Prepare and maintain hazardous- and radioactive-waste 
260-265 operating records, 

40 CFR Part 61 
(Subpart H) 

Submit an Annual Compliance Report to the EPA on or 
before June 1. 

. 
Reaulremen tS 

Comply with general DDE requirements for records dispo- 
sition and retention. 

Comply with general record-keeping requirements. 

Report the radioactive materials in effluents during the 
previous calendar year by release point using the Efflu- 
ent Information System and Onsite Discharge Reports. 

Describe the status of the environmental monitoring pro- 
grams at DDE facilities in the Annual Site Environmental 
Report. 

Prepare an Environmental Monitoring Plan for each site, 
facility, or process; review and update plan at least 
every 3 years. 

Prepare reports describing the extent and/or status of 
the CERCLA efforts at each facility. Report releases of 
radionuclides that exceed "reportable quantities' to the 
National Response Center. 

Comply with general requirements for record-keeping and 
reporting. 

Prepare reports on information having environmental pro- 
tection, safety, or health protection significance. 

Prepare Unusual Occurrence (or other accident) Reports, 
as required, on the failure of effluent monk toring sys- 
tems, the inadvertent release of radionuclides, or the 
discovery of significant radioactive contamination in 
the onsite or offsite environment attributable to cur- 
rent or past DDE operations. 
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MLE 9-1. (contd) 

Reaul ati ons 

40 CFR Part 191 

Rewts 

Comply with reporting and record-keeping requirements 
for the management and disposal of spent nuclear fuel 
and high-level and transuranic radioactive wastes. 

DMB A-106 Report pollution abatement projects as specified under 
the OMB circular A-106 and in the EPA Procedures for 
Reportina Pollution Abatement Projects for Federal 
Facilities. 

Subpart H. 
facilfties. 

Such requirements, when effective, will be applicable to DDE 
In addition, unless requirements are changed by EPA in future 

amendments to 40 CFR Part 61, Subpart H, records developed pursuant to these 
criteria are required to be maintained, as specified in DOE 1324.2, Chapter 5, 
Attachment 1, Schedule 25 (Medical, Health, and Safety Records). 

9.1.4 40 CFR Parts 260-265 - Resource Conservation and Recovery Act 
Reaulations 

The regulations specified in 40 CFR Parts 260-265 have been issued by 
the EPA pursuant to the'Resource Conservation and Recovery Act (RCRA). Radio- 
active waste practices at facilities administered under the Atomic Energy Act 
are not subject to the requirements of Subtitle C of RCRA; however, it is a 
legal requirement that mixed-waste management practices will be consistent 
with RCRA requirements. Mixed-waste operating records are to be prepared and 
maintained In accordance wfth the requirements of 40 CFR Part 264.73 or 40 CFR 
Part 265.73. These reporting requirements pertain to the effluent and envi- 
ronmental surveillance program activities only insofar as they require infor- 
mation on activities such as ground-water (40 CFR Part 265.90) or foodchain 
(40 CFR Part 265.276) monitoring. 

9.2 REPORTING 

It is the policy of the DDE that timely notification of occurrences 
involving DDE and contractor operations be made to the responsible authori- 
ties. Most of the reporting requirements applicable to DOE-controlled faci'l- 
ttfes are contained in DOE 5400.1, DOE 5400.5, and DOE 5484.1; however, EPA 
and OMB requirements must also be met. Most reports require information on 
the type or quantity of radionuclides released to the environment. For all 
cases where such information is required, reporting in the same units as.the 
respective standards is most appropriate. 
ments on reporting units. 

DDE 5400.1 established DDE require- 
The following sectfons contain brief descriptions 

of the reporting requirements described in selected references cited in 
Table 9-l. 
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9.2.1 DDE 5400.1 - General Environmental Protection Proqram Reauirements 

The Order establishes the requirements and procedures for reporting 
information having environmental protection, safety, or health protection sig- 
nificance for DOE operations. The Order requires the preparation of several 
reports related to environmental protection, safety, and health protection. 
The reports listed below require data from effluent or environmental pro- 
grams. Reports covering the previous calendar year are required to be sub- 
mitted to the Information Systems Branch, EG&G Idaho, Inc.? and other 
identified recipients by April I. The reports are required to be submitted in 
accordance with instructions provided in Section II of the Effluent fnfor- 
mation System and Onsite Discharqe Information Svstem User's Manual (EIS/ODIS) 
(Batchelder et al. 1977). The EIS/ODIS systems are intended to provide a 
permanent data base for all offsite and onsite releases of radioactive materi- 
als in airborne and liquid effluent streams from DOE-controlled facilities. 
The reporting procedures are given in DDE 5400.1, with a description of the 
systems and their capabilities in the EIS/ODIS User’s Manual. Both systems 
include a narrative summary data base describing the discharge points in 
detail. 

Reports covering the previous calendar year are to be prepared annually 
and distributed by June 1 to EH-I, Headquarters (IO copies), appropriate pro- 
gram offices, the DOE Office of Scientific and Technical 'Information, and 
other agencies and organizations, as appropriate. The report must provide a 
comprehensive review of the environmental surveillance programs, status of 
environmental compliance, and effluent data for nonradioactive pollutants. 
The primary purpose of the Annual Site Environmental Report is to provide an 
update on the environmental status of the facility. This report sumarizes 
the degree of compliance of the facility with applicable environmental regu- 
lations and informs the public about the impact of the operations of the 
faciilty on the surrounding environment. DDE 5400.1 provides the format and 
content for preparation of the Annual Site Environmental Report. 

DOE 5400.1 requires that a written Environmental Monitoring Plan be pre- 
pared for each site, facility, or process that uses, generates, releases, or 
manages pollutants or hazardous materials. The plan will contain the ration- 
ale and design criteria for the monitoring program, the extent and frequency 
of monitoring and measurements, procedures for laboratory analyses, and the 
preparation and disposition of reports. The plan will be reviewed annually 
and updated as needed, at least every 3 years. 

DOE 5400.1 requires that before start-up of a new site, facility, or 
process that has the potential for adverse environmental impact or that will 
process, release, or dispose of radioactive materials, a preoperatfonal envi- 
ronmental assessment be prepared. The format for the Preoperational Environ- 
mental Survey Report is provided in DDE 5400.1. The Order further requires 
that an Annual Environmental Status Sheet be Drepared to provide DOE/EH with 
an up-to-date sumnary of information regarding the environmental status of 
each site. The information will be compiled by DOE/EH. Field Office contri- 
butions to the report are required to be submitted to DOE/EH by April 1 of 
each year in the format specified in DOE 5400.1,. 
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9.2.2 DOE 1324.2 - Records Disoosition 

The objective of the Order 4s "to assign responsibilities and authori- 
ties and to prescribe policy, procedures, standards, and guidelines for the 
orderly disposition of records of DOE and its operating and onsite service 
contractors." The Order provides the basis for the overall DOE record- 
keeping system that is required to be used for all aspects of DOE site 
operation. 

9.2.3 JIQE 5400.4 - Comnrehensive Environmental Response, Compensation, and 
Liabifitv Act Procrram 

DOE 5400.4 provides instructions for 1) implementing a DOE Comprehen- 
sive Environmental Response, Compensation, and Liability Act (CERCLA) program, 
2) defining actions needed to identify and evaluate inactive hazardous-waste 
disposal sites on DOE installations, and 3) bringing about remedial actions 
where necessary to improve control of hazardous substance migration from such 
sites. Heads of field elements are responsible for preparation of the DOE's 
CERCLA program reports. 

9.2.4 DOE 5000.3 - Unusual Occurrence ReDortins Svstem 

This Order establishes the DOE's policy and provides instructions for a 
system of reporting, analyzing, and disseminating information on programmat- 
ically significant events. 

9.2.5 40 CFR Part 61 - National Emission Standards for Hazardous Air 
Pollutants 

The EPA regulates airborne radioactive releases from DOE facilities 
through Subpart H of 40 CFR Part 61, "National Emission Standards for Hazard- 
ous Air Pollutants; Standards for Radionuclides." Although the EPA has not 
yet finalized the reporting requirements applicable to the DOE under 40 CFR 
Part 61, Subpart H, the DOE has adopted the policy that it will comply with 
those reporting requirements of 40 CFR Part 61 that have clear intent, such as 
the annual compliance report that is due June 2 each year. This report is 
submitted through DOE/HQ .to the EPA. 

9.2.6 40 CFR Part 191 - En 'ronmental Standards for the Manasement and 
Pismal f SDen t Nur;ear Fuel. 
Radioactiie Wastes 

His h-Level and Transuranic 

The EPA has promulgated environmental standards for the management and 
disposal of spent nuclear fuel and high-level and transuranic radioactive 
wastes under the authority of the Atomic Energy Act and the Nuclear Waste 
Policy Act. 
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9.2.7 Office of Manaaement and Budaet Circular A-106 - Reoorting 
Reauirements in Connection with the Prevention, Control, and 
Abatement of Environmental Pollution at Existina Federal 
Facilities 

The Office of Management and Budget (OMB) A-106 circular (1975) estab- 
lishes a semiannual reporting requirement for implementing Sections 1 
through 4 of Presidential Executive Order 12088 and Presidential Executive 
Order If752 pertaining to the control of environmental pollution from existing 
Federal facilities. The reports.are to be submitted semiannuaJJy on Decem- 
ber 31 and June 30. The plans are to identify projects necessary to bring 
Federal facilities into compliance with applicable environmental standards. 

/ 9.3 QUALITY ASSURANCE 

As they apply to reporting and record-keeping activities, the general 
quality assurance program provisions of Chapter 10 should* be followed. Spe- 
cific quality assurance activity requirements for facility reporting and 
record-keeping activities are to be contained in the Quality Assurance Plan 
associated with the facility. 
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10.0 QUALITY ASSURAN~ 

The primary definition of DOE policy concerning quality assurance (QA) is 
found in DDE 5700.68. The Order sets forth principles and assigns responsi- 
bi7ities for establishing, Implementing, and maintaining programs of plans and 
actions to provide quality achievement in DOE programs. It is applicable to 
all DOE programs; however, it does not specifically refer to environmental 
surveillance and monitoring activities. It specifies that QA activities be 
identified through the judicious and selective application of appropriate, 
recognized standards. It identifies American National Standards Institute/ 
American Society of Mechanical Engineers (ANSI/ASME) NQA-1 as the preferred 
standard for nuclear activit;ies. Most DOE effluent and environmental monitor- 
ing is performed by contractors. The Order specifies that the DOE field 
organization and project, office managers have overall responsibility and 
authority for defining and ensuring effective implementation of required QA 
activities to be established and implemented.for DOE programs by contractors 
under their direction. DOE 5700..68 requires the development of QA Plans. In 
addition to these plans, the Environmental Monitoring Plan sbou?cf* contain a 
section on QA and sjlould* cover the monitoring activities at each site, con- 
sistent with applicable elements of the 18-element format in ANSI/AWE NQA-1. 

The purpose of this'.section‘is to define ttie QA activities that are 
applicable to DOE monitoring and surveillance programs and to specify the 
requirements. Discussed are the application of QA and quality control (QC) 
practices, which are defined in-DOE Orders, environmental legislation, con- 
sensus standards, and technical references. 

Quality control .is a task-specific:..activity that provides verification of 
quality of a product or service, as opposed to'QA, which provides assurance of 
this quality. The definitions of both QA and QC are provided in DOE 5700.63 
under the QA definition. 

Quality control is.generally performed by the line organization as part 
of its design or implementation functions. Quality assurance is, in part, an 
evaluation function that should be performed by an independent organization. 
Verification of the quality of a product or service is an evaluation function 
that is performed by persons or organizations not directly responsible for 
performing the work. Even though these two functions (QA and QC) can be con- 
sidered separately, they are both necessary parts of a quality program. 

Two terms used in the description of QA activities are 'contra?' and 
"verification." Control is the act of identifying, reviewing, approving, doc- 
umenting, and verifying the status of items affecting quality. Verification 
is the act of reviewing, inspecting, testing, checking, auditing, or otherwise 
determining and documenting whether items, processes, services, or documents 
conform to specified requirements. 
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10.1 MANDATORY QA REOUIREMENTS 

DDE 5700.65 states that national consensus QA standards are to be applied 
where suitable ones are available, and in the nuclear area, ANSI/ASME NQA-1 is 
the preferred standard. This standard can be applied in a selective manner, 
depending on the complexity and significance of the particular program or pro- 
ject activity. The QA Plan is the mecnanism to be used for selectively apply- 
ing QA requirements to the effluent and environmental monitoring programs. 

10.1.1 OA Plan 

A QA Plan for environmental monitoring is required by DOE 5400.5 as a 
part of the Environmental Monitoring Plan to be prepared for each DDE- 
controlled site. Depending on the size of the monitoring program, it might be 
appropriate to prepare separate sections for each major component of the moni- 
toring program, such as effluent, environmental, ground water, etc. This plan 
should specify the control elements (for QC) that will be applied to the mon- 
itoring activities. The QA Plan does not have to contain all procedures, 
guides, quality controls, calibration procedures, etc., but rather it shau7d 
reference the control elements and assign responsibility for each of the 
applicable 18 criteria of ANSVASME NQA-I. The elements of ANSI/ASME NQA-1 
might not all be applicable to the monitoring programs. In that case, a 
statement qualifying the nonapplicability or a reference to the organization 
that is responsible for the particular element will- be sufficient. The QA 
Plan shoulld be prepared in conjunction with or approved by the QA organiza- 
tion of the site. 

10.1.2 Audits 

Periodic audits should* be performed to verify compliance with opera- 
tional and QC procedures. The frequency of audits should be determined 
jointly with the site QA organization. The foil owing requirements from ANSI/ 
ASME NQA-1 should* be followed: 

Planned and scheduled audits should* be performed to verify compliance 
with all aspects of the quality assurance program and to determine its 
effectiveness. These audits should* be performed independently in 
accordance with written procedures or checklists by personnel who do not 
have direct responsibility for performing the activities being audited 
(i.e., supervisors cannot audit their own facilities). Audit results 
should* be documented and reported to and reviewed by responsible manage- 
ment. Follow-up action shou7d* be taken where indicated. 

10.1.3 Elements of the OA Plan 

The elements of a QA programnlan shou7d* be derived from the 18 cri- 
teria in ANSI/ASME NQA-1 and those stipulated in 10 CFR Part 50. 
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10.2 APPLICABLE EXISTING QA REOUIREMENTS 

There are existing requirements for QA on all DOE programs; including 
monitoring and surveillance activities. In addition to DOE 5700.68, these 
requirements come from DOE field organization orders, contractor corporate QA 
programs, and environmental legislation QA requirements. 

10.2.1 DOE Field Orqanization Orders 

The DOE field organizations (Operations Offices) have issued orders that 
establish QA policy and responsibility within the field organizations and 
establish requirements for QA programs for contractors, These requirements 
specify that QA Implementation Plans (as defined by DOE 5700.6B) be estab- 
lished and implemented for each project and program. These plans are speci- 
fied as a document identifying the requirements, judiciously selected from the 
overall QA program, that are applicable to a particular program or project. 

10.2.2 Contractor Coroorate OA Proqrams 

The system of DOE Orders (Headquarters and field organizations), as 
described above, specifies that contractors implement QA programs. DOE 
5700.6B requires the preparation of QA implementation plans for assigned 
projects. Facility managers are to verify implementation of the QA program 
and plans through audits and appraisals. They are also to provide that QA 
requirements are incorporated into contracts, work orders, and purchase orders 
issued under their authority as DOE contractors. All contractors performing 
environmental and effluent monitoring are required to have QA programs in 
place that meet the general DOE QA requirements. 

10.2.3 Environmental Leaislation QA Reauirements 

Environmental legislation, such as the Safe Drinking Water Act and the 
Clean Air Act, includes requirements for using EPA-approved procedures for 
monitoring. These monitoring procedures include sample-collection methods, 
sampling frequency, sample analysis, data reporting, dispersion models, and 
dose calculations. Monitoring to demonstrate compliance with these environ- 
mental laws incorporates the QA/QC requirements that are specified by the EPA. 
References such as those by the Health Physics Society Committee (1980), 
Inhorn (1978), NRC Regulatory Guide 11.15, Oakes et al. (19801, and Taylor and 
Stanley (1985) contain useful guidance on QA programs that involve monitoring 
and surveillance. 

10.3 OC GUIDANCE 

Specific operational and QC program procedures are required to be docu- 
mented in the site Environmental Monitoring Plan. The paragraphs that follow 
describe these procedures and programs. 
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10.3.1 Written Monitorina Proceaures 

Required written procedures covering monitoring activities ?nclude the 
following topics: 

l Environmental and effluent sampling 

6 Ground-water sampling 

l Continuous environmental and effluent monitoring systems 

l Laboratory analysis 

l Data management and calculations 

l Transport and pathway model'ng 

l Dose calculations 

l Review and reporting of results. 

10.3.2 Analytical QC Prosram 

Each site is required to maintain an analytical QC program adequate to 
document and control the accuracy and precision of the analytical results. If 
analytical work is performed by a subcontractor, the subcontractor is required 
to meet the same QC requirements. Guidance on content of analytical QC pro- 
grams is provided by Belanger (19841, Goldin (1970), Rosenstein and Goldin 
(1964), EPA-600/9-76-005, EPA-600/7-V-088, EPA-600/8-78-008, and EPA-6001 
4-79-019. 

DOE 5400-5 requires that all organizations performing effluent or envi- 
ronmental monitoring participate in the DOE quality assessment program for 
those nuclides and media that they regularly measure. Samples are distrib- 
uted by the Environmental Measurements Laboratory (EML) twice a year, and par- 
ticipants analyze both sets of samples. DOE monitoring organizations should 
participate in other interlaboratory QC programs such as the EPA Environ- 
mental Radioactivity Laboratory Intercomparison Studies Program (EPA-6OO/ 
4-78-032). 

Radiation measuring equipment, including portable instruments, environ- 
mental dosimeters, in situ monitoring equipment, and laboratory instruments, 
shouId* be calibrated with standards traceable to NIST calibration standards 
(NCRP 1978; National Bureau of Standards Special Publication 609). 
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APPENDIX A 

Abnormal Ooeration I"uoset"). is a situation in which emission rates change 
because of unusual occurrences that affect normal plant operating conditions. 

Absorbed Dose (0) is the energy imparted to matter by ionizing radiation per 
unit mass of irradiated material at the place of interest in that material. 
The absorbed dose is expressed in units of rad (gray) where I rad - 
0.01 joule/kg material (1 gray = 100 rad). 

AcceDtance Samolinq is the procedure by which decisions to accept or reject a 
sampled lot or population are made based on the results of a sample 
inspection. 

Accuracy is the degree of agreement of a measurement with an accepted refer- 
ence or true value. It is expressed as the difference between the two values, 
as the difference as a percentage of the reference or true value, or as a 
ratio of the measured value and the reference or true value. 

ALARA (AS LOW AS Reasonably Achievable1 is a phrase (acronym) tised to describe 
an approach to radiation protection to control or manage exposures (both indi- 
vidual and collective to the workforce and the general public) and releases of 
radioactive material to the environment as low.as social, technical, economic, 
practical, and public policy considerations will permit. As used in this 
guide, ALAPA is not a dose limit, but rather it is a process that has as its 
objective the attainment of dose levels as far below applicable limits as is 
practicable. 

Aliauot is the fraction of a field sample taken for complete processing 
through an analytical procedure (a "laboratory sample' of a field sample). 

Analvtical Blank - See "Blank." 

Analvtical Detection Limit - See "Lower Limit of Detection (LLD)." 

Analvtical Limit of Discrimination is a concentration above which one can, 
with relative certainty, ascribe the results from an analysis to concentra- 
tions that exist in the environment or system being evaluated. 

Aauatic Biota is plant or animal life living in, near, or on water, or having 
water as a habitat. 
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Arithmetic Mean is the most commonly used measure of central tendency, com- 
monly called the "average." Mathematically, it is the sum of all the values 
of a set divided by the number of values in the set: 

Audit/Aooraisal is a planned and documented activity performed in accordance 
with procedures to determine, by examination and evaluation of objective evi- 
dence, the adequacy of and extent to which applicable elements of the program 
have been developed, documented, and effectively implemented in accordance 
with specified requirements. Audits can be either internal examinations of 
programs or activities under an organization's control and within its organi- 
zational structure or external examinations of programs or activities of 
another organization. 

Averaue - See "Arithmetic Mean." 

Best Available Technoloav (BAT1 means the preferred technology for treating a 
particular process liquid waste, selected from among others after taking into 
account factors related to technology, economics, public policy, and other 
parameters. BAT is not a specific level of treatment but the conclusion of a 
selection process that includes several treatment alternatives. 

Bias is a consistent under- or over-estimation of the true values representing 
a population. 

Blank is a sample of the carrying agent (gas, liquid, or solid) normally used 
to selectively measure a material of interest that is subjected to the usual 
analytical procedures process to establish a baseline or background value. 
This value is then used to adjust or correct the routine analytical results. 

Calibration is the adjustment of the system and the determination of system 
accuracy using known sources and instrument measurements. Adjustment of flow, 
temperature, humidity, or pressure gauges and the determination of system 
accuracy must be conducted using standard operating procedures and "Standard 
Reference Materials" (SRM) that are traceable to the National Institute of 
Standards and Technology (NIST) or other "Certified Reference Materials" 
ww l 

Calibration Standard is a standard used to quantify the relationship between 
the output of a sensor and a property to be measured. Calibration standards 
must be traceable to "Standard Reference Materials" (SRM) from NIST or Certi- 
fied Reference Mate;-ials (CRM). 

Check Source is a source (e.g., a radioactive source) not necessarily cali- 
brated that is used to confirm the continuing satisfactory operation of an 
instrument (also termed "Reference Source"). 
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Coefficient of Variation KV: or Relative Standard Deviation (RSDlt is a meas- 
ure of precision calculated as the standard deviation value (s for a sampfe or 
u for a population} divided by the average of a set of values (X for a sample 
or p for a population). It is usually multiplied by 100 to be expressed as a 
percentage. 

CV = RSD = s x 100 for a sample, or 
x 

CV’ = RSD' = e x 100 for a population. 
P 

Collective Dose Eauivalent is the sum of the dose equivalents of all individ- 
uals in a specified population, frequently considered to be that within 50 mi 
of the facility or release point. It is expressed in units of person-rem or 
person-sieverts (I person-Sv = 100 person-rem). 

Collective Effective Dose Eauivalent is the sum of the effective dose equiva- 
lents of all individuals in a specified population, frequently considered to 
be that within 50 mi of the facility or release point. It is expressed in 
units of person-rem or person-sieverts (1 person-Sv = 100 person-rem). 

Co'llectors Kontrol Ea iement) are devices designed to remove and collect con- 
taminants from.an effl:ent stream. 

Committed Dose Eauivalent (Hso) is the predicted total,dose equivalent to a 
tissue or organ over a 50-year period after a known intake of a radionuc7ide 
tnto the body. It does not include contributions from external dose. Com- 
mCtted dose equivalent is expressed in units of rem (or sievert). 

Committed Effective Dose Eauivalent (H 
E5 O) 

is the sum of the committed dose 
equivalents to various tissues in the b&y, each multiplied by the appropriate 
weightfng factor. Committed effective dose equivalent is expressed in terms 
of rem (or sievert). 

Confidence Coefficient is the chance or probability, usually expressed as a 
percentage, that a confidence interval includes some defined parameter of a 
population. The confidence coefficients usually associated with confidence 
intervals are 90%, 95%,. and 99%. For a given sample size, the width of the 
confidence interval increases as the confidence coefficient increases. 

Confidence Interval is a value interval that has a designated probability (the 
confidence coefficient) of including some defined parameter of the population. 

Confidence Limits are the outer boundaries of a confidence intervaT. 

Continuous Monitorinq is the real-time measurement of liquid, gaseous, and/or 
airborne eff'iuents and contaminants using in situ measurement systems. 
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Continuous Safmlinq includes both noninterrupted sampling and repetitive 
sequential collection of small samples obtaIned automatically at intervals 
short enough to yield a representative sample for the entire sampling period. 

Control Chart is a graphic chart with statistical control limits and plotted 
values (usually in chronological order) of some measured parameter for a ser- 
ies of samples. Use of the charts provides a visual display of the pattern of 
the data, enabling early detection of time trends and shifts in level. 

Corroborative Tests are the evaluation of an ana'lytical method fn which a 
number of Taboratories analyze portions of carefully prepared homogeneous 
samples. 

Critical OroaR is the human organ or tissue receiving the largest fraction of 
a specified dose limit. 

Critical Pathwav is the specific route of transfer of radionuclides from one 
environmental component to another (e.g., from one trophic level to another) 
that resu'its in the greatest fraction of an applicable dose limit to a popu- 
lation group or an individual's whoTe body, organ, or tissue. 

Crftical is the population group showing the greatest frac- 
tion of an applicable radiation dose 1imIt as a result of site releases. 

Data Validation is a systematic review of a data set to identify outlfers or 
suspectvalues. The process uses appropriate statistical techniques to screen 
out impossible or highly unlikely values. 

Deep Dose Eauivalent, as used in this gujde, means the dose equivalent in tis- 
sue at a depth of I cm or greater, selected to maximize the dose equivalent 
derived from external (penetrating} radiation. 

. 
Concentration Guide (DCGl is the concentration of a radionuclide in 

air or water that, under conditions of continuous exposure by one exposure 
mode (i.e., ingestion of water, or submersion in air, or inhalatfon), for one 
year would result in an effective dose equivalent of 100 mrem [I mSv) to a 
"reference man." 

Detector.is a device for converting radiation flux and energy to a signal 
suitable fur measurement purposes. 

Diffuse Source is a source or sources of radioactive contaminants (emissions) 
released into the atmosphere that do not have a defined point (origin) of 
release (i.e., a non-point source). Such sources are also known as area 
sources. 

. 
arae Point is any discernible, confined, and discrete conveyance, includ- 

ing but not limited to any stack, duct, vent, pipe, ditch, channel, tunnel, 
condui't, well, discrete fissure, container, or vessel from which any 
radioactively contaminated gas or water is discharged to the atmosphere or 
waters accessible by the general public. 
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Pose Eauivalent (0 ) is the product of the absorbed dose in rads (grays) in 
tissue, a quality Factor, and other modifying factors. 
expressed in units of rem (or sievert). 

Dose equivalent +s 
(I rem - 0.01 sievert.) For purposes 

of this guide, the dose equivalent to an organ, tissue, or whole body in a 
year will be that recefved from the direct exposure plus the 50-year committed 
dose equivalent received from radionuclides taken into the body during the 
year. 

Effective Dose Eauivalent (H 
dose equivalent received by 5 

or EDE) is the summation of the products of the 

specific weighting factor. 
pecified tissues of the body and a tissue- 

This sum is a risk-equivalent value and can be 
used to estimate the health-effects risk of the exposed individual. The 
tissue-specific weighting factor represents the fraction of the total health 
risk resulting from uniform whole-body irradiation that would be contributed 
by that particular tissue. The effective dose equivalent includes the commit- 
ted effectfve dose equivalent from internal deposition of radionuclides and 
the effective dose equivalent due to penetrating radiation from sources exter- 
nal to the body; it is expressed in units of rem (or sievert). 

Effluent is any treated or untreated air emission or liquid discharge, includ- 
ing stormwater runoff, at a DDE site or facility. 

Effluent Monitorinq is the collection and analysis of samples or measurements 
of liquid, gaseous, or airbbrne effluents for the purpose of characterizing 
and quantffying contaminants and process stream characteristics, assessing 
radiation exposures to members of the public, and demonstrating compliance 
with applicable standards. 

mission - See "Effluent." 

Environmental Detection Limit is the smallest level at which a radionuclide in 
an environmental medium can be unambiguously distinguished for a given confi- 
dence level using a particular combination of sampling and measurement proced- 
ures, sample volume, analytical detection limit, and processing procedure. 

Environmental Medium is a discrete portion of the total environment, animate 
or inanimate, that may be sampled or measured directly. 

1 is the collection and analysis of samples of air, v'ron 
water, soil, foodstuffs, biota, and other media from DOE sites and their envi- 
rons and the measurement of external radiation for purposes of demonstrating 
compliance with applicable standards, assessing radiation exposures to members 
of the public, and assessing effects, if any, on the Tocal environment. 

Environs are the environment surrounding a facility or site. 

',;o; is the difference between an observed or measured value and its true 
. 
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Facility, as used by DDE, refers to a buildfng, structure, or group of build- 
ings and/or structures that releases radionuclides and is subject to the regu- 
lations/standards pertinent to this gufde. When considering 40 CFR Part 
61-related subjects for reporting to EPA, the term "facility" is to be con- 
sidered the same as the DDE term "sfte,R and the term "source" is to be con- 
sidered the same as the DDE term "facility." 

Geometric Mean is mathematically expressed as the n th 
all values in a set of n values: 

root of the product of 

n 
1) R, - If Xi Vn 1 1 i=l 

or as the antilogarithm of the arithmetic mean of the logarithms of all the 
values of a set of n values: 

[ 1 l log xi 
X, = antilog i=l 

n 

The geometric mean is generally used when the logarithms of a set of values 
are normally distributed, as is the case for much of the monitoring and sur- 
veillance data. 

Geometric Standard Deviation is mathematically expressed as the antilog of the 
standard deviation of the logarithms of the measurements: 

sg = antilog 
n 

I:1 

grab Samole is a single sample acquired from an effluent stream over a short 
interval of time. 

JRoaction is a process by which a particle or droplet is removed from an air- 
stream by striking a surface in contact with the airstream. When a particle 
grazes a surface and is thus retained, the term 'interception" applies. 
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Jn-line refers to a system tn which a detector or other measuring device is 
placed in the effluent stream for purposes of performing measurements on the 
effluent stream. 

Is kinetic describes a condition that prevails when the velocity of air enter- 
in; a sampling probe held in the airstream is identical to the velocity and 
axis of flow of the airstream being sampled at that point. 

p refers to a measurement or calculated concentra- 
tion that is not statistically different from the assocfated background or 
control value at a preselected confidence level. 

d is the smallest amount of a contaminant that e Li i 
can be distinguished in a sample by a given measurement procedure at a given 
confidence level. [Also called "Minimum Detection Level" (MDL).] 

Hanaaement and Ooeratina (M&O) Contract means an agreement under which DOE 
contracts for the operation, maintenance, or support, on its behalf, of a Fed- 
erally owned or controlled research, development, special-production, or test- 
ing establishment wholly or principally devoted to one or more major programs 
of DOE (source: 48 CFR 17.601). M&O contracts are designated as such only by 
the Secretary or Under Secretary, fn accordance with 48 CFR I7.602. 

Measurement is the quantification of a parameter, a contaminant, or grosscon- 
tent of material associated with a liquid or airborne effluent stream. 

fleasures of Central Tendencv are measures of the tendency of values within a 
set of data to be centered at some location (e.g., median, mode, arithmetic 
mean, and geometric mean). 

pleasures of Disoersion or Variability are measures of the differences, scat- 
ter, or variability of values within a set of numbers. Commonly used measures 
of dispersion or variability are the range, standard deviation, variance, and 
coefficient of variation. 

bedian is the middle value of a set of data when the data are ranked in 
increasing or decreasfng order. If there are an even number of values in the 
set, the median is the arithmetic average of the two middle values; if the 
number of values is odd, it is the middle value. 

Membrane Filter is one of several commercially available filter media consist- 
ing generally of very thin organfc-based films having a range of selectable 
porosities and controlled composition, 
also known as membrane filters. 

Very thin, porous metallic filters are 

. . 
nlmum Detection Level IMDLI - See "Lower Limit of Detection (LLD).' 

bode refers to the value occurring most frequently in a data set. 
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Mnitor has two definitions: 1) To measure certain constituents or parameters 
in an effluent stream conttnuously or at a frequency that permits a represen- 
tative estimate of the amount over a specified interval of time; and 2) the 
instrmentation or device used in umnitorfng. 

&nftorinq Is the use of instruments, systems, or special techniques to meas- 
ure liquid, gaseous, and/or afrborne effluents and contaminants. 

. 
Lin Honit mu3 Systems are systems in which an aliquot is withdrawn from 

the efguent &RI for collection or conveyance to a detector or assembly. 

Onsite refers to the area within the boundaries of a facility or site that is 
or can be controlled with respect to access by the general public. 

Outlier is an extrme value in a data set so far removed from the other values 
with whkb it is assocfated that the chance probability of its being a valid 
member of the group is very small. Such a questionable value may be elimi- 
nated frm the group on the basis of further statistical investigations of the 
data set. 

Particle is an aggregate of molecules forming a solid or liquid that ranges in 
size fmm a few molecular dSameters to a few millimeters. 

is the passage of some material through a filter or other 

Jwf-mm Audit is a quant'ftative check of an analytical procedure with a 
atterfal g device with known properties or characteristics to verify the 
accuracy of a prodect measumnt system. The audit is usually performed by a 
pemm different fmm the routine operator,fanalyst, using standards and equip- 
ment different from tfre calfbration equiparent. 

plate Out is a therm& efectrical, chemical, or mechanical action that 
results in a loss of material by deposition on surfaces. 

Paint %uxe is the single defined point (origin) of an airborne release such 
as a stack or vent, 

?recisIm is the dispersion around a central value, usually represented as a 
vari~, standard deviation, standard error, or confidence interval. 

. 
icfencv Test~nq is a special series of planned tests to determine.& 

Mlity of field technkians o‘r laboratory analysts uho nomally perform rou- 
tine analyses. The results may be used for cmparison against established 
tit&a, or for 'Iplatiw cmpar-ison with the results frm another group of 
tedmici;ms or analysts. 

onal Szmmle is a sample consisting of a IcMnn fraction of the original 



Quality refers to the totality of features and characteristics of a material, 
process, product, service, or activity that bears on its ability to satisfy a 
given purpose. 

Oualitv Assurance (OAI refers to those planned and systematic actions neces- 
sary to provide adequate confidence that a facility, structure, system, or 
component will perform satisfactorily and safely in service. Qua1 i ty assur- 
ance includes quality control (QC), which comprises all those actions neces- 
sary to control and verify the features and characteristics of a Raterial, 
process, product, or service to specified requirements. 

Oualttv Control lOC1 refers to those actiuns necessary to control and verify 
the features and characteristics of a material, process, product, service, or 
activity to specified requirements. The aim of qualfty control is to provide 
quality that is satisfactory, adequate, dependable, and economic. 

Oualitv Factor lOl is the principal modifying factor used to calculate the 
dose equivalent fram the absorbed dose. 
fo’l?ting qua1 ity factors are to be used: 

For purposes of DOE 5400.5, the 

Radiatim Tme 

X-rays, gama rays, positms, 
beta particles, electrQns 
(including ttitium) 

Oualitv Factor 

1 

?ieutmns, <lo w 

Meutrons, >I0 keV 
Protms and single-charged 
particles of unknown enemy 
tith rest mass greater than 
one atomic mas,s unit 

3 

10 

Alpha particles and other 
multiple-charged particles 
{other heavy ions .i~d partic'les 
of unknown charge) o-f unti~n 
energy 

20 

For neutrons of known energies, the more detailed 
quality factirs given in B?IE 5480.11 may be used, 

Radioactive Material refers to any material or combination of materials that 
spontaneously emits ionizing radiatiaa, 

Radionuclih refers to a .radioactive nuclide. T&re are several hundti I~UWI 
radionuclides, both produced and na~~~~lly occurring; radi=clides are char- 
acterized by the number of neutrons and protons .'in an atom's nucle~~s. 



Radionuclide Emissions are releases of radioactive materials to the 
environment. 

Random Error refers to variations of repeated measurements made within a sam- 
ple set that are random in nature and individually not predictable. The 
causes of random error are assumed to be indeterminate or nonassignable. Ran- 
dom errors are generally assumed to be normally distributed. 

Random Samoles are samples obtained in such a manner that all items or members 
of the lot, or population, have an equal chance of being selected in the 
sample. 

Ranae is the difference between the maximum and minimum values of a set of 
values. 

;;;~oLJ; ;;et;;epvice that conveys information regarding the measurement being 
. 

Reference Source - See "Check Source." 

Reference Man refers to a hypothetical aggregation of human (male and female) 
physical and physiological characteristics arrived at by international con- 
sensus (ICRP Publication 23). These characteristics may be used by research- 
ers and public health workers to standardize results of experiments and to 
relate biological insult from io 

3 
izing radiation to a common base. "Reference 

man" is assumed to inhale 8400 m of air in a year and to ingest 730 L of 
water in a year. 

Relative Error is an error expressed as a percentage of the true value or 
accepted reference value. 

Reliabilttv is the capability of a system to perform a required function under 
stated conditions for a stated period of time. 

Repeatability is the precision, usually expressed as a standard deviation, 
measuring the variability among replicates. It refers to the closeness with 
whfch the measurements agree with each other. 

Replicabilitv is the precision, usually expressed as a standard deviation, 
measuring the variability among replicates. 

Reolicates are repeated but independent determinations of the same sample. 

Reoresentative Sample fs a sample taken to depict the characteristics of a lot 
or population as accurately and precisely as possible. A representative sam- 
ple may be a n random sample" or a "stratified sample" depending upon the 
objective of the sampling and the characteristics of the conceptual 
population. 
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Renroducibility is the degree of precision of a laboratory (repeatedly) and/or 
of different laboratories obtaining the same measurement values of the same 
sample. 

Resnonse Time is the time interval between when the detector senses a charged 
particle (e.g., 8, a) or photon (e.g., 7, x-ray) and when the signal is regis- 
tered by the measurement system's data storage device. 

Ruaaedness Testing is a special series of tests performed to determine the 
sensitivity of a measurement system to variations of certain factors suspected 
of affecting the measurement system. 

Samnle has two definitions: 1) A subset or group of objects selected from a 
larger set, called the "lot" or "population"; and 2) an extracted portion or 
subset of an effluent stream or environmental media. 

Samnle Blank - See "Blank." 

Samnlinq is the extraction of a prescribed portion of an effluent stream or of 
an environmental medium for purposes of inspection and/or analysis. 

Sensitivity is the minimum amount of a radionuclide or other material of 
interest, expressed as a ratio (e.g., % or ppm), that can repeatedly be 
detected by an instrument, system, or procedure. 

Seauential Samnlinq refers to timed samples collected from an effluent stream. 

“Should*” Statements indicate performance criteria and procedures required to 
operate and maintain an acceptable radiation protection.program for the public 
and the environment. 

“Should” Statements indicate flexible guidance for an acceptable radiation 
protection program. 

SSte refers to the overall DOE complex consisting of one or more facilities 
located in a defined geographic area. 

Source (Radioactive1 is either 1) a known amount of radioactive material ema- 
nating a characteristic amount of energy in the form of alpha, beta, gamma, 
neutron, or x-ray emissions (or a combination of such emissions), or 2) a sin- 
gle process or release point that contributes to or causes a release to the 
environment and that can be separated from other processes by a break in the 
flow of material. 

&iked Samole is a normal sample of material (gas, liquid, or solid) to which 
a known amount of some substance of fnterest is added. Spiked samples are 
used to check on the accuracy of a routine analysis or the recovery efficiency 
of an analytical method. 

Standard is a material having a known property that can be accurately estab- 
lished based on its physical or chemical characteristics. 
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. mdard DevlatSou is an indication of the dfsperston of a set of resu'lts 
around the average of samples collected or the mean of a population; it is the 
positive square root of the sample variance. For samples taken from a popula- 
tion, the standard deviation, s, is ca‘lculated as: 

where X = average value of the samples masured 
n - number of saapTes measured 

'i = individual measurement value for sample i. 

For a finite population, the standard deviatfon (of is 

where ~1 is the mean value of 'ttre population and N is the nuniber of values 
wfthin the population. 

Standard Ooe atina P ocedums 1S;OP~ .refers to a written document that details 
an operation: analysrs, or act1~ whose mechanims are t.lmwu@ly prescribed 
and are commonly accepted as the methud for performfng certain routine or 
repetitive tasks. 

Standard Reference Material WV+!\ is a material produced in quatity, of which 
certain properties have been certified by the National Institute of Standards 
and Technology (NIST) to the extient :possibTe to satisfy its intended use. The 
material should be in a matrix s$milar to actual samples to be measured by a 
measurement system or to be used directly in preparing such a matrix. 
Intended uses include standardization -of solutions, calibration of equipment, 
and auditing the accuracy and precisi.on of measurement systems. 

Standard Reference Samole (SRS). i-s a carefully prepared material produced from 
or compared against a Standard Reference Material {SW) such that accuracy is 
maintained. These samples are 4&e&d for use pr%marily as reference stan- 
dards to determine the precision and accuracy of:measurement systems, to eval- 
uate calibration standards, .and to evaluate quality control reference samples. 

Standardization is a physical d;rr mthematical adjustment or correction of a 
measurement system to make the measurements conform to predetermined values. 
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Standard in Naturallv Occurrina Matrix are standards that relate to the com- 
posftionsof the sample being measured. Standards in a naturally occurring 
matrix include standard reference materials and standard reference samples. 

Stratified Samole fStratlfIed Random Saa&& refers to a sample consisting of 
various portions that have been obtained from identified subparts or subcate- 
gories (strata) of the total lot or population. Wfthin each category or 
stratum, the samples are taken randomly. The objective of taking stratified 
samples is to obtain a more representative sample than might be obtained by a 
completely random sampling. 

Svstematic Error is the condftion In which there is a consistent deviation of 
the results from the actual or true values by a measurement process. The 
cause for the deviation, or bias, may be known or unknown; however, it is con- 
sidered "assignable" (i.e., the cause can be reasonably determined}. 

Jesting is short-term evaluation of radioactive material releases that is 
representative of typical operations using prescribed techniques. 

Tolerance Limits refers to a particular type of confidence limit used fre- 
quently in quality control work, where the limits apply to a percentage of the 
individual values of the population. 

Traceabilitv refers to a documented chain of comparisons connecting a working 
standard (in as few steps as is practical) to a national (or international) 
standard, such as a standard maintained by the MST. 

Unusual Occurrence is any sudden release or sustained deviation from a regu- 
lated or planned performance at a DOE operation that has environmental protec- 
tion and compliance significance. 

Uoset - See "Abnormal Operation." 

Variabilitv is a general term for the dispersion of values in a data set. 

Variance is a measure of the variabilfty of samples within*a subset or the 
entire population. Mathematically, the sample variance (s ) is the sum of 
squares of the differences. between the indtvidual values of a set and the 
arithmetic average of the set, divided by one less than the number of values: 

:: (Xi - X)2 
S2 i- 

I n-l 

where X* 
i 

= value of sample i 
= average of samples measured 

n - number of sampfes measured. 
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For a finite population, the variance (0') is the sum of squares of devia- 
tions from the arithmetic mean, divided by the number of values in the 
population: 

N 

where p is the mean value of the population and N is the number of values 
within the population. 

Weiahtina Factors (W 1 are tissue-specific and represent the fraction of the 
total health risk re ulting J from uniform, whole-body Irradiation that could be 
contributed to that particular tissue. They are used in the calculation of 
annual and committed effective dose equivalent to equate the risk arising from 
the irradiation of tissue T to the total risk when the whole body is uniformly 
irradiated. 
and used here 

The weighting factors recommended by the ICRP (Publication 26) 
are 

Owan or Tissue Weiahtinq Factor 

Gonads 0.25 
Greasts 0.15 
Red Bone Marrow 0.12 
Lungs 0.12 
Thyroid 0.03 
Bone Surf 

VT 
s 0.03 

Remainder 0.30 

(a) Remainder means the five other organs with 
the next highest risk, including liver, 
kddney, spleen, thymus, adrenals, pan- 
creas, stomach, small intestine or upper 
and lower large intestine, but exciuding 
skin, lens of the eye, and extremjties. 
The weighting factor for each such organ 
is 0.06. 

Whole-Body refers, for radiation dose purposes, to the uniform exposure of all 
organs and tissues in a human body. 

Workina Standard (Oualitv Control Reference Samole\ is a material used to 
assess the performance of a measurement system. It is intended primarily for 
routine intralaboratory use in maintaining control of accuracy and should be 
prepared from or traceable to a calibration standard. 
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